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Abstract 
Making Histories with Science:  
Paleoecology and Conservation in the Midwestern United States  
By Lizzy Hare 
 
This dissertation in cultural anthropology examines how material traces on the 
landscape are used to construct the long-term environmental histories that inform 
conservation policy and land management decisions.  The Anthropocene, both as 
planetary crisis and crisis of insufficient theorization, is the analytical starting point 
for this research, as it offers a framework from which to view the emergence of new 
kinds of environmental thought made manifest in science and politics.  The 
dissertation is based on ethnographic fieldwork conducted among a network of 
scientists, PalEON (the Paleo-ecological Observatory Network), who were working 
to develop an ecological forecasting model and conservationists who are working on 
environmental protection issues in Northwest Indiana.  By bringing together 
anthropologies of science and American environmental history, this dissertation 
critically analyzes the development and use of Big Data-driven ecological forecasting 
models in this process.  The particular modes of environmental protection that emerge 
represent the extent to which market-based ontologies have become entrenched in 
everyday American life and inform ecological theory.  These worldviews are not 
singular, however, and they contain within them examples of actually existing 
alternatives to environmentalism and the potential to reconceptualize this moment of 
  vi 
crisis.  Further, this dissertation makes a methodological intervention into Science 
and Technology Studies.  Building on methodological techniques developed at the 
Science and Justice Research Center at the University of California, Santa Cruz, this 
research explores the potentials of critical collaborations between the anthropologist 
of science and the interlocutors who inform this study.   
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Preface 
This project draws from the methodological and conceptual tools of cultural 
anthropology and Science and Technology Studies (STS).  The intellectual 
foundation of this project was informed in significant ways by the Science and Justice 
Research Center (SJRC) at the University of California, Santa Cruz.  The SJRC 
fosters interdisciplinary research that is committed to socioecological justice through 
sponsored research projects, the Science and Justice Working Group, and a graduate 
training program, all three of which informed this research at various stages.  A 
portion of my preliminary fieldwork was sponsored by the center, and I served as a 
Graduate Student Researcher during the 2013-2014 academic year.  During my time 
as a researcher at the Science & Justice Research Center (SJRC), I worked with other 
members of the working group to innovative a method for trans- disciplinary research 
that accounts for reflexivity and allows the researchers to track the silences, taken-
for-granted concepts, and undergirding assumptions that can cause friction in 
collaboration.  We call this method “critical listening”.  As a participant in the 
graduate training program, I learned to engage in critical and productive dialogue 
across disciplinary difference.  This was a skill that I found invaluable for 
ethnographic analysis of an interdisciplinary team of scientists, conservation 
practitioners, and nature lovers.  Most importantly, however, the training program 
allowed me to articulate an approach to STS-informed ethnographic research that 
could work toward making a more just world.   
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 The training I received through the SJRC allowed me to envision this research 
project in a way challenges some of the more conventional approaches to researching 
the anthropology of science.  The insider/outsider distinction has long been a central 
organizing principle of cultural anthropology, most often configured in terms of the 
study of the (implicitly non-Western) “other” by the (implicitly Western) “self” (Abu-
Lughod 1996).  Many ethnographic approaches to the social studies of science have 
adopted the presentation of the ethnographer-as-outside-observer that appears in the 
earliest of ethnographic texts; looking in on the fascinating and thoroughly “other” 
culture of science1.  This trope is prevalent within social studies of science, despite 
the fact that, as academic researchers, the ethnographer of science and the scientist 
likely share a great deal in common.  Alternately, we might consider that this trope 
has been used intentionally as a rhetorical device to create distance between the 
observer and the observed, precisely because of the similarities that the two may 
share.   
Much has changed since Latour and Woolgar published Laboratory Life in 
1987 and declared that “an observer who declares himself to be an ‘anthropologist of 
science’ must be a source of particular consternation [within the laboratory].” For 
one, a number of my interlocutors had read Laboratory Life, and so an ongoing joke 
                                                
1 Sharon Traweek’s Beamtimes and Lifetimes is one classic example, as is Latour and 
Woolgar’s Laboratory Life. Both of these texts effectively treat the space of the 
laboratory as an experimental space in which to observe subjects. This trope appears 
in more recent texts as well, including in Hugh Raffles’s In Amazonia and Stefan 
Helmreich’s Alien Ocean, both of which move the space of observation out into the 
field, but continue to treat the observation of scientific knowledge production as if it 
were early anthropological fieldwork.  
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between us was that I was primarily interested in their mundane daily habits, such as 
coffee breaks2.  Many of the scientists who were participating in PalEON, the 
interdisciplinary network of scientists that are the focus of this research, had more 
than a passing interest in STS literature and theories.  The lead principal investigator 
had studied STS as an undergraduate before changing majors to concentrate on 
physical geography.  One year I arrived at the annual meeting to find that the 
postdoctoral researchers were reading the work of indigenous science studies scholar 
Kim Tallbear.  One of the members of the project leadership team had participated in 
the Leopold Leadership Program, which trains Fellows to be publicly engaged 
scientists.  Among other skills, the program prepares fellows to influence policy by 
engaging directly with members of congress, to deliver expert testimony, and 
introduces fellows to science journalists who may be interested in covering the topics 
they research.  Like the SJRC, the Leopold Fellows Program recognizes that scientific 
knowledge neither emerges from nor exists in a vacuum, and that better worlds can be 
built through collaborative knowledge-making practices.   
 Some of the other PalEON scientists found different points of connection 
across the research I was doing and their own scientific interests.  The model that they 
were working to develop was novel in that it incorporated many different 
components, which required that the team include expertise from a wide range of 
disciplinary fields.  As a result, organizing the modeling project and managing to 
                                                
2 A reference to the first chapter of the book, in which the authors humorously 
describe the minute-by-minute activities taking place on a typical day, such when one 
scientist begins to eat an apple. 
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successfully incorporate all of the necessary elements was a logistical challenge.  
Participants quickly recognized that effective collaborative research required of 
participants a set of interpersonal skills that were not taught in undergraduate or 
graduate science classes.  The modeling team borrowed strategies from business and 
education in their efforts to cultivate a collaborative work culture (Cheruvelil et al. 
2014).  They also found that the existing structures of academic science were not 
conducive to interdisciplinary, collaborative research, because the measures of 
success deemed most important by hiring and tenure committees (i.e. first-author 
publications, principal investigator positions on grants) were precisely the types of 
work that would be reserved for much later-career scientists on these large projects 
(Goring et al. 2014).  Because of their interest in these and related subjects, which 
they saw as relevant to the social studies of science, we had many lengthy 
conversations about how the structures of academic science might be adapted so as to 
foster a more collaborative culture.  Ultimately, we concluded that the onus lies not 
only on the early-career scholars, but also on the institutions that employ and 
credential them/us.  
There is an additional, and not insignificant reason why I was able to establish 
a strong rapport with my interlocutors in the PalEON modeling project.  As an 
undergraduate and as a master’s student, I had conducted research on plant and 
animal remains from Classic Maya archaeological sites.  The techniques I used for 
analyzing plant remains are the same as those used by some of the paleoecologists 
involved in the PalEON project.  I had met one of the members of the PalEON 
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leadership team as an undergraduate student at the University of Wisconsin, where I 
took a number of paleoecology courses in order to develop my independent research 
in archaeobotany.  My familiarity with paleoecology helped facilitate my 
ethnographic research in this project, because I had some familiarity with the day-to-
day processes of laboratory research.  As a result, I was often able to engage in 
participant observation without additional training.  However, that is not to say that I 
did not find myself sometimes struggling tremendously with the methods and the 
analytical frameworks used by the modeling team, which I describe in Chapter 4.  
Perhaps more significantly, is that this longstanding familiarity with the kind of 
research that the PalEON team conducted that allowed me to question the 
epistemological basis of how uncertainty is handled in scientific research generally, 
and in ecological forecast modeling more specifically.  As I developed as a scholar, I 
became increasingly interested in the ways that uncertainty could be productive of 
new scientific techniques and collaborations, and I realized that I could use my 
technical fluency in paleoecology, alongside my interest in science studies, to 
critically analyze the productive capacity of uncertainty in climate science research. 
The welcome reception extended to me by the PalEON team was, I believe, 
somewhat exceptional.  The leadership team of the project felt that the work I was 
doing – providing perspective on the intellectual commitments and ideological 
assumptions that informed their science – was important enough to bring me on board 
as a team member.  This is a role that I felt significant ambivalence about over the 
course of the project(s), however, I came to recognize that this type of role may be 
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one of the first steps towards developing a collaborative approach to STS, as 
envisioned in my SJRC training.  Even the timelines for the projects evolved in 
tandem.  The first year I spent working on this doctorate was also the first year of 
NSF funding for the PalEON project.  Their project is rapidly approaching its 
conclusion, and the full model is expected to run in the summer of 2017, not long 
after I submit this dissertation as my final requirement for the PhD degree.  In 2018, 
as I revise this document towards a more final, publishable form, they will be 
submitting the final reports of the project to the NSF.   
This is not to say that the close relationship with my interlocutors has not been 
without challenges.  I often felt as though I was made multiply-insignificant through 
my positions as a.) the only social scientist on the team, b.) one of relatively few 
women on the team, and c.) as if some of the team members’ perceptions of me were 
frozen in time – rendering me perpetually related to as an engaged undergraduate 
student rather than an advanced doctoral student.  There have been numerous 
occasions when a new member of the project has been downright hostile in 
questioning me about my role in the project.  Further, it caused me to question 
whether or not I could establish the sufficient analytic distance necessary to do the 
anthropological work of making the familiar strange and the strange familiar.   I use 
the term “critical collaboration” to describe the particular methodological 
entanglements of my ethnographic fieldwork.   In so doing, I tried to remain true to 
the idea of critique as a rigorous exploration of a field of inquiry while building a 
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careful and curiousity-driven collaboration.   What follows is a detailed account of 
this critically-collaborative endeavor.  
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Chapter One  
Introduction – managing the Anthropocene 
 
Overview of project 
This dissertation is based on ethnographic research conducted with ecological 
forecasting modelers, conservation practitioners, and environmental activists in the 
Midwestern United States.  It brings Science and Technology Studies (STS) and 
American Environmental History to bear on environmental anthropology in order to 
critically analyze the development of ecological forecasting models and their use in 
land management and environmental protection initiatives.  The Northwest Indiana 
(greater Southeast Chicago) region is the central node of this project, but tracing out 
the network of knowledge production took me to a number of different fieldwork 
locations across the United States.  In conducting this research, I sought to address 
what I saw as a peculiar paradox, that is: the multiple and overlapping environmental 
and social crises that are known as the Anthropocene are at once abstract and global 
and highly specific and local.  Ecological forecasting models are the tools that 
connect global-scale phenomenon, such as anthropogenic climate change, to scales 
that are relevant for local and regional land use decision-making.  These models are 
tools that many scientists believe can be used by policymakers and land managers to 
understand how to mitigate against some of the most harmful consequences of global 
change.  Such models can estimate the future range of certain species, which is 
relevant information for planning for shifts in agricultural production and invasive 
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species’ ranges.  Modelers view ecological forecasting models as a way to make 
climate modeling applicable to society, and believe that reliable forecasting tools are 
necessary for responding to the Anthropocene crises.  As one modeler put it 
“ecological forecasting models are where the climate modeling rubber hits the 
policymaking road” (Hare 2014).  Because ecological forecasting models operate to 
link highly abstract and global-scale climate models with local scale land 
management decisions, an anthropological analysis of their production and 
implementation offers insight into the way future landscapes are configured in both 
scientific and political terms. 
Mid-twentieth century ecology was influenced by the rise in individualistic 
liberalism that followed World War II, a change that is evidenced in the increasingly 
widespread acceptance of ecological individualism (Barbour 1996).  By the early 
twenty-first century, neoliberalism had become a guiding economic principle that 
emphasized individual freedom and commodification.  The ecological theory that 
supports ideas about novel ecosystems similarly emphasizes individual freedom.  
While the novel ecosystems approach may be supported by ecological evidence, by 
suggesting that ecosystem function is more important than maintaining historic 
species composition, it has the effect of making individual species fungible and thus 
opens the door to further commodification.  What links new approaches to 
conservation and the hype around environmental big data is an assumption that 
scientific and technological progress will provide solutions to social issues.  The 
Nature Conservancy prides itself on using cutting-edge ecological research, including 
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big data methods, to inform its conservation strategies.  These big data techniques 
frame matters of the environment in terms that are derived from economics, such as 
value, resources, costs and benefits, and services (Kareiva et al. 2014).  Such a 
framework assumes that additional information about the environment, typically 
obtained through quantification, will facilitate administration and protection.  
Because capitalist and neoliberal economic ideologies are so deeply rooted in the 
intellectual infrastructure of contemporary ecology and conservation, it is difficult to 
identify when they are being invoked.  However, the framing of the Anthropocene as 
a moment of crisis helps to make visible these deeply held assumptions.  This first 
chapter traces this phenomenon and reveals how those ideologies play a role in 
current conservation and ecological theories.  
 Following the work of feminist STS scholars Donna Haraway and Karen 
Barad, I am attentive to the worldmaking consequences of situated knowledge 
production – scientific knowledge about global climate change becomes something 
universal, but it emerges out of particular moments in particular places, experienced 
by particular people.  In this dissertation, I trace the emergence of one ecological 
forecasting model in the U.S. Midwest in order to explore one instantiation of 
contemporary environmental knowledge production.  Cultural anthropology, and 
specifically the methodological framework of ethnographic fieldwork, makes other 
worlds imaginable; it opens up possibilities for conceptualizing the world in new 
ways.  What is imaginable determines what can be created. 
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The late twentieth and early twenty-first centuries are marked by a number of 
overlapping environmental and political crises, and a number of scholars from a range 
of disciplines have argued that this moment in time requires a radical restructuring of 
modernist institutions.  This is no small task, given that our understandings of what is 
possible are constrained by the very institutions we are asked to reimagine. 
Ecological fieldwork, like anthropological fieldwork, makes worlds imaginable, and 
that imagination drives theories about what can be modeled and what can be created.  
This research is an intervention; by turning my focus to a specific instantiation of 
environmental research and protection, I am able to demonstrate that the status quo 
environmental thought is mired in theories about the world that ultimately are 
complicit in long-term ecological destruction, and that alternative visions of the future 
are not as abstract as they may seem.  
 
Intellectual commitments 
My research builds on literature from science and technology studies (STS), 
environmental studies, and public engagement with science, to investigate the 
politically contested issue of anthropogenic climate change.  I diverge from the 
tradition of critique in science and technology studies and anthropology, and 
incorporate feminist theories that enable me to develop a critically collaborative 
investigation into the production of environmental knowledge.  Feminist science 
studies scholar Donna Haraway differentiates her work from historical and 
descriptive Science and Technology Studies accounts by insisting upon intervention 
  12 
in description.  In Simians, Cyborgs, and Women, Haraway argues that both the idea 
of a single correct vision of the world (such as scientific authority) and relativism are 
equally problematic.  Instead, she calls for “partial knowledges” that emerge from 
highly specific standpoints.  She later expanded this idea to include the concept of 
diffraction (Haraway 1997).  Her choice of visual metaphor replaces the more 
commonplace reflection, which leave the image unaltered as it is displaced.  Instead, 
diffractions bear the trace of the medium, and the interaction is made visible.  
Haraway’s scholarship operates as a diffraction, offering narratives and explanations 
that bear the mark of her own positionality, leaving her interventions visible and open 
to ongoing critique.  The location that knowledge emerges from does more than 
provide context for knowledge production.  Location, for Haraway, is also always 
about alliances with some ways of living and not others.  
Karen Barad (2007) extends Haraway’s use of diffraction as a metaphor for 
knowledge practices.  Barad argues that diffraction or interference phenomena have 
enabled physicists to test metaphysical ideas, making evident the entanglement of 
objects and ways of knowing.  The power of thinking with diffraction is that 
diffraction points not simply to difference, but to the effects of difference. Like 
Haraway, Barad’s scholarship seeks to intervene, to create a more ethical world, and 
that description is always political.  Barad’s analytic framework, “agential realism”, is 
described as “ethico-onto-epistemology”, that is, this framework is a way to 
understand the mutual co-emergence of ethics, knowing and being through intra-
action.  Intra-actions are the performative knowledge practices that emerge from 
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“direct material engagement with the world” (p.49) rather than a presupposed 
distinction between observer and observed, which is the more traditional 
representational approach to knowledge practices.  Barad supports agential realism 
with literature from philosophy and feminist studies, as well as with the results of 
experimental metaphysics, and the result is multiple lines of evidence that suggest 
that what emerges as knowable in the world is dependent on how one goes about 
knowing it.  Thus, phenomena cannot be separated from the experience of that 
phenomenon, nor the material-discursive practices (including apparatuses) that enable 
the phenomenon.  
Building on these ideas, Myanna Lahsen (2013) argues that empirical, social 
scientific investigations of climate science can work to bolster scientific credibility by 
showing how climate science, like all science, is neither perfect nor certain, yet is still 
capable of producing robust findings.  According to Lahsen (2013), literature such as 
Oreskes and Conway (2010) that suggests social factors corrupt scientific knowledge 
production work to reify the idea that science should not be affected by social 
concerns.  This practice continues despite work from STS scholars that has 
demonstrated that societal factors determine, rather than undermine, the legitimacy of 
scientific knowledge (Shapin and Schaffer 1985).  The prevalence of an idealized 
understanding of science supports unrealistic expectations for scientific findings, 
undermining the contributions of modest and provisional claims (Lahsen, 2013).  
Lahsen has proposed that confidence in climate change science could be 
(re)established through rigorous, empirical accounts of mainstream climate science 
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that could work to show how social factors are a necessary, not a corrupting, part of 
the scientific process. 
I see my research as situated within a framework that I am calling “critical 
collaboration”.  Instead of working to critique scientific claims, I have focused on 
how knowledge claims come to be made, and how fundamental principles come to be 
incorporated into knowledge while simultaneously being taken for granted. In 
conducting this research, I worked to explore the assumptions that underlie the 
computational and theoretical models that are used by the scientists who developed 
the PalEON PEF model, as well as their attempts at transforming those narratives.  I 
was able to trace the social and political concerns of this scientific research, not to 
show them as a corrupting factor, but rather as a necessary and ever-present 
component of scientific practice. 
 
methodology 
 The fieldwork for this project began in the summer of 2012, when I spent six 
weeks at the University of Wisconsin, Madison, working mostly with the members of 
the Williams Lab3 who were just beginning to work on the newly-funded PalEON 
project.  In December of 2012 I attended my first PalEON annual meeting in 
Berkeley, CA and the American Geophysical Union (AGU) meetings in San 
                                                
3 The participating labs and their roles in the larger project are explained in Chapter 3.  
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Francisco the following week.  The PalEON annual meeting is scheduled adjacently 
to the AGU meeting so that members can attend both in the same trip. The following 
summer I spent six weeks in Boston, primarily in the Dietze Lab at Boston 
University.  While in Massachusetts, I also visited Harvard Forest on two different 
day trips to participate in data collection with lab members.  The next summer I began 
full-time fieldwork with a week at the National Science Foundation's Washington, 
D.C. headquarters, where I observed and participated in the Macrosystems Biology 
Principle Investigators Meeting.  The first round of MSB grants were reaching 
completion, and the program officers wanted to discuss what had worked well and 
what ought to be changed moving forward.  
For 10 months, beginning in July of 2014 and ending in early May of 2015, I 
was based out of South Bend, Indiana, where I had convenient access to the 
McLachlan Lab at the University of Notre Dame, as well as to the field sites of the 
locally-focused PalEON offshoot, the Grand Kankakee Marsh assessment project.  
The headwaters of the Kankakee River are located just outside of South Bend, and the 
river’s terminus at the Illinois River is 120 miles east.  While I was living in South 
Bend I took day trips out to other locations in the Kankakee watershed approximately 
once or twice per week, either to assist PalEON members in data collection, or to 
learn more about local conservation initiatives. I volunteered at four of The Nature 
Conservancy’s properties in Northwest Indiana (Conrad Station Savanna, Kankakee 
Sands, Moraine Nature Preserve and NIPSCO Savanna), as well as at the Indiana 
Dunes National Lakeshore and the Shirley Heinze Land Trust’s Miller Dunes site. I 
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attended stakeholder meetings about the proposed (and ultimately successful) 
Kankakee Fish and Wildlife Refuge and Kankakee Valley Historical Society 
meetings.  Though I was primarily based in South Bend during those ten months I 
also took several trips in order to follow the scientists to their fieldsites and meetings.  
I spent one week at the Toolik Field Station in the North Slope of Alaska to 
participate in data collection for the nascent Alaskan addition of PalEON4, another 
week on Michigan's Upper Peninsula for Camp PalEON, two week-long trips to 
Madison, WI to visit the Williams Lab and to attend the data working group semi-
annual meetings, and returned to the Bay Area for the 2013, 2014 and 2016 PalEON 
meetings. 
My fieldwork time was spent primarily engaged in participant-observation.  
When I was with members of PalEON, I participated in lab activities such as lab 
meetings, data collection and analysis, model coding and parameterization and 
occasionally sitting in on courses that graduate students and postdocs were taking.  I 
also participated in data collection with members of the PalEON team.  In fact, I 
believe that my time spent as a fieldwork assistant was vital to establishing a rapport 
with the team.  As I explain in chapter 4, being a proficient outdoorsperson is a highly 
valued skill in this community, and one that my interlocutors did not expect the 
cultural anthropologist to have.  Once I went out into the woods with them and 
demonstrated my comfort and familiarity with the wilderness, they seemed to gain 
                                                
4 PalEON plans to expand the model’s reach to include Alaska beginning in 2018. 
Because data collection is time and labor intensive, some of the data collection for the 
expansion began years ago.  
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respect for me and were much more comfortable talking with me and allowing me to 
join them in meetings and on data collection trips.  In total, I spent close to one-fourth 
of my fieldwork time outdoors, either assisting PalEON members in their own 
fieldwork or volunteering at conservation sites.  I conduced fifteen semi-structured 
interviews that serve as a supplement to the time I spent engaged in participant-
observation.  I trace out the process of ecological knowledge production using the 
methods and conceptual tools of cultural anthropology in order to be attentive to the 
specific worldmaking practices that take place.   
 
Anthropocene – global and specific 
The current moment is considered by some to be the “Age of the 
Anthropocene.”  The term “Anthropocene” was coined by Crutzen and Stoermer 
(2000) to denote the epoch in which humans became a geological force. The starting 
point of the Anthropocene is contested, dating back to the first atomic detonation, the 
industrial revolution, or the emergence of agriculture, depending on the geological 
markers being used (Ruddiman 2005; Crutzen and Stoermer 2000).  Generally 
speaking, however, this epoch is marked by a volatile climate, contaminated 
landscapes, and increasingly homogenous ecosystems.  The term has yet to gain 
formal approval as a unit of the International Geological Time Scale (Finney 2014), 
despite the fact that members of the International Commission on Stratigraphy’s 
Subcommission on Quaternary Stratigraphy have argued that there is sufficient 
evidence to support the formalization of the Anthropocene as an epoch that began in 
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roughly 19505 (Waters et al. 2016).  It has yet to be formalized because, in their 
opinion, a formal Anthropocene epoch is a distinction that expands beyond the 
geological community, and thus the ratification decision ought to incorporate a wider 
criteria for assessment, a sentiment that is echoed by Ellis et al. (2016).  Despite the 
lack of formal ratification, scholars from a wide range of disciplines have found the 
concept of the Anthropocene useful to frame their thoughts, and it has been the 
inspiration for a number of papers and conferences, including this dissertation.   
The term “Anthropocene” has been so generative because it signifies an 
erosion of the nature-culture divide that has served as the foundation for much of 
Western thought.  With the use and popularity of the term, we can see an increased 
awareness of our own embeddedness within ecological systems, as well as our 
dependence on them.  As humans have become a geological force, it becomes more 
and more difficult to distinguish the thing we once called nature from “culture”, or 
the realm of human action (see Crist 2013 and Latour 2011 for further discussion). 
The Anthropocene has also encouraged attempts at thinking through and with longer 
time scales: Dipesh Chakrabarty (2008) has claimed that the Anthropocene requires a 
fundamental rethinking of history in order to make sense of a collapse in the 
distinction between human and natural histories, histories of capital, and histories of 
humans as a species.  In spite of the political impasse in the United States around 
global change, there are a number of individuals and organizations that are taking 
                                                
5 This date is marked primarily by the mid-20th century “great acceleration” of 
industrialization, population growth, and the emergence of a global signal of nuclear 
fallout from thermonuclear weapons testing.  
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seriously the risks associated with global change and are trying to plan for it.  At the 
time that I began writing this dissertation, climate change was considered a cross-
agency priority goal of the federal government.  While the current administration has 
vowed to remove that policy, some segments of the federal government are 
continuing to take global change seriously, as is evidenced by the U.S. Forest 
Service’s Forest Adaptation Resources guide, which offers land managers “step-by-
step instructions to assist… in developing on-the-ground climate adaptation tactics” 
(Swanston et al. 2016), and the Department of Defense’s research into sea level rise 
(Keys et al. 2016), or the Federal Emergency Management Agency’s (FEMA) 
requirement that state’s Hazard Mitigation plans address “changing future conditions”  
as a condition for receiving certain funds6.  There are also private environmental 
organizations working to address global change, as well as local and state 
governments7.  Taken together, the human influence on the planet’s bio- and geo-
sphere, as well as the technological capability to recognize the traces of those 
influences, mark the Anthropocene as a threshold moment.   
There are, of course, a number of critiques of the term “Anthropocene”. 
Perhaps the most productive one I have found to think with here is that offered by 
Donna Haraway (2016).  Haraway offers an alternative term, Chthulucene, with 
                                                
6 This information was accurate as of April 10, 2017, despite the current 
administration’s efforts to thwart climate actions. The extent to which climate 
adaptation plans are embedded in policies distributed across multiple agencies of the 
government seems to be offering those policies a degree of protection.   
7 Organizations such as Greenpeace, the Nature Conservancy, the Breakthrough 
Institute, and the Sierra Club, to name a few; states including Washington, Colorado, 
New York, California; and individual cities such as Los Angeles, San Francisco, Salt 
Lake City, New Orleans and Seattle.  
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which to describe the current moment of crisis, and she does so in order to move 
beyond her seven objections to the Anthropocene as an epoch.  In a rough summary 
that does not do her argument justice, she is concerned that the Anthropocene story is 
too based in human exceptionalism and in myths (such as the progress narrative of 
techno-optimism) that end badly.  It relies on theories of relations that assume 
bounded individualism and the evolutionary theories of the Modern Synthesis that fail 
to explain the webbed ecologies that have emerged in more recent biological theories 
(such as those by Gilbert et al. 2012, McFall-Ngai et al. 2013).  I recognize the 
limitations of the Anthropocene analytic that Haraway outlines, and I do not disagree 
– in fact, in what follows I identify many of the same concerns.  I have chosen to 
“stay with the trouble” of the Anthropocene concept precisely because it is the 
problematic space of the Anthropocene, with all its associated myths of human 
exceptionalism, captitalocentrism, techno-optimism, and overly simplified models of 
ecological life that I am writing about.  
The Anthropocene, both as planetary crisis and crisis of insufficient 
theorization, is the context of this research.  Using this moment as an analytical 
starting point offers a framework from which to view the emergence of new kinds of 
environmental thought made manifest in science and politics.  The Anthropocene 
moment is the analytic starting point for this research.  Amelia Moore (2013) made a 
case for distinguishing between anthropology in the Anthropocene, which 
“documents the lived experience of global environmental change” and anthropology 
of the Anthropocene, which explores the forms of scientific and political assemblages 
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that emerge through the Anthropocene and “participate in remaking the world anew”.  
In what follows, I offer an account of ecological forecasting both in and of the 
Anthropocene moment.  
The academic questions raised by the Anthropocene concept are not limited to 
anthropology, STS, or even the humanities and social sciences more broadly.  The 
social and political context of the Anthropocene moment is influential in the natural 
sciences and in applied fields, such as conservation.  My interlocutors were, and 
continue to be personally and professionally committed to thinking through 
environmental crises, and similarly view their work as situated both in and of the 
Anthropocene.   
  
technologies of the Anthropocene  
Alongside the emergence of the crises that mark the Anthropocene there have 
been tremendous developments in technology and scientific knowledge.  This is not 
coincidental.  Agriculture, industrialization, and the nuclear arms race wrought 
changes in the chemical composition of the Earth’s atmosphere while also driving a 
tremendous amount of scientific and technical research.  Especially in the period 
since the second half of the twentieth century, military-industrial research facilitated 
new understandings of the world and its complex systems, making it possible to 
conceive of humans as a geological force on the planet and to trace and project the 
effects of human actions into the future.  The ability to perceive the planet as an 
integrated system emerged as a consequence of both technological innovation and 
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geopolitics in the late twentieth century.  This recognition was a significant turning 
point for the environmental sciences and for the environmental protection movement, 
broadly construed.  As Marshall McLuhan wrote, “the earth became programmable 
the moment Sputnik was launched” (1974).  According to Joseph Masco, it was the 
Cold War period that enabled people to imagine events, crises in particular, as taking 
place on a global scale (2010).  An unprecedented investment in earth science 
research and infrastructure for global surveillance made it possible for people to see 
the world as a whole, via images captured from space (Jasanoff 2001, Poole 2008) 
and as mediated through technological institutions such as simulation models 
(Edwards 2006).  
Simulation models represent the entire globe as a single entity, but the models 
themselves emerge from empirical data generated and collected in specific, located, 
spaces and times.  Automated and/or remote environmental sensors collect much of 
this empirical data, and it traverses the globe in vast networks that connect hundreds 
of automated data collection centers, many of which were initially developed in order 
to research the effects of nuclear weapons.  For example, radioactive fallout could be 
tracked as it traversed the upper stratosphere, a technological achievement that 
allowed meteorologists to study global wind patterns (Edwards 2006).  The result of 
the automatic collection of sensor data from around the world can be considered 
environmental Big Data.  
“Big Data” typically refers to massive data sets of quantitative data, often 
originally collected automatically and for non-specific purposes, such as the remote 
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sensing observations from NASA Landsat satellites that can be used for things as 
disparate as assessing earthquake damage in India (Yusuf et al. 2001) or quantifying 
the annual growth of marsh plants in Southern California (Rocha et al. 2008).  More 
common applications of Big Data analytics include Google Flu Trends, which scans 
aggregated search data for geographic areas and makes predictions about flu 
outbreaks based on the relative frequency of flu-related search terms, as well as 
Amazon’s recommendation system, which employs a set of sophisticated algorithms 
to personalize Amazon webpages in an effort to increase sales.8  Big Data’s optimistic 
supporters claim that they will be able to revolutionize science by using statistics to 
mine large sets of data, rather than tackling each research question with a different set 
of methods and tools (Bollier 2010).  This shift has already been revolutionary in 
microbiology, as Big Data has made genetic and genomic approaches to the field 
mainstream (McFall-Ngai et al. 2013).  Bioinformatics and the ability to conduct 
research using large amounts of sequence data have contributed significant changes in 
biology (Hentschel et al. 2012).  Recently, scientists in other branches of the earth 
and natural sciences have been working to develop tools for incorporating Big Data 
with more traditional (“small”) empirical data by using simulation models and 
Bayesian statistics.  This data analysis is done with physics-based simulation 
                                                
8. There is obvious potential here for using that information for many other purposes 
as well. In the spring of 2014 the Atlantic reported that Amazon’s recommendation 
algorithm had compiled a list of must-have items for illicit drug trading for those 
interested in purchasing a highly accurate scale. One can only assume it would be just 
as easy for authorities to use that information to track would-be dealers as it is for 
Amazon to sell them equipment. 
http://www.theatlantic.com/technology/archive/2014/04/the-unintentional-amazon-
guide-to-dealing-drugs/360636/ (accessed 22 January 2015).  
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modeling that requires tremendous computational power – far more processing 
capability than the average institution is capable of constructing and maintaining – 
and so much simulation modeling is done on government-funded supercomputers.  
The “scaling up” of ecology to incorporate environmental Big Data began to 
emerge out of the mathematical ecology and the International Biological Program 
(IBP) of the Cold War period.  With the International Biological Program, which ran 
from 1964-1974, biological scientists hoped to follow the Big Science models of the 
Manhattan project and the International Geophysical Year.  The goal of the project 
was to coordinate the collection of a standardized array of datasets on biological 
phenomena at a global scale (Aronova et al. 2010).  It expanded the scope of 
ecological inquiry from localized case studies to landscape level analysis and back 
through time to include paleoecological research.  In order to make sense of the data, 
researchers developed increasingly sophisticated mathematical modeling techniques.  
These models provide the scaffolding and structure necessary to synthesize massive 
data sets and theories about physical processes; a function Paul Edwards (2010) calls 
“knowledge infrastructure”.  Despite the emphasis on complexity and uncertainties 
within ecological research at this time (Harrison 1979; Wiens 1976) there was also a 
belief that given the right parameters for the scale, ecological processes could be 
described with mathematical models (Turner 1989).  In general, it is true that most 
ecologists believe that ecological process in general can be described using 
mathematical models; however there is a widespread recognition that models are 
partial and conditional ways of understanding phenomena. 
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The International Biological Program (IBP) was widely criticized (Aronova et 
al. 2010), but it had at least two lasting impacts that are worth noting.  First, in 
mandating that ecological research broaden its scope both spatially and temporally, 
the International Biological Program raised the status of paleoecology from a 
somewhat minor subdiscipline to an integral component of cutting-edge ecological 
research.  The shift in the status of paleoecology has been reinforced by the creation 
of two National Science Foundation programs that support long-term and large-scale 
ecological research: the Long-Term Ecological Research (LTER) program and the 
more recent Macrosystems Biology program.  The LTER program continued many of 
the same goals and research as the IBP, and, given it’s emphasis on long-term studies, 
the LTER provided an incentive for ecologists to focus on landscape changes over 
time.  Perhaps most significantly, the program cultivated a version of ecology that is 
decentralized Big Science, that requires interdisciplinary collaborations and large-
scale data collection and analysis, done by a network of participant laboratories each 
of which conducts research at a site-specific scale, but which also contribute to 
comparative intra-site analysis and modeling.  
 The MacroSystems Biology (MSB) program was initiated in 2010 
specifically to facilitate large-scale ecological research. “Large scale” is defined here 
as a geographic range of regional to continental scale, and a temporal scale from 
annual to decadal.  The program was developed to utilize nascent methodological and 
technological capabilities, especially those already in place through the LTER 
program in order to try to create wide-scale ecological predictions that could inform 
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stakeholder responses to anticipated global change (Hefferman et al. 2014).  Global 
climate change is a central concern of MSB and those involved are optimistic that the 
techniques and insights generated by the funding program will be critical for 
improving scientific understanding of global change ecology.  Big Data in ecology 
includes the data-intensive approaches that have been used by climate scientists, such 
as the integration of geographically disparate remote-sensing and observation data, 
and continental-scale projects designed to address broad-scale research questions, but 
it also seeks to integrate the many small datasets that capture the richness and 
diversity of traditional ecological research.  
The MSB initiative took advantage of developments within Big Data analysis, 
including many advances from the earth sciences.  As Big Data techniques advance, 
researchers have been expanding the range of scientific applications and have 
developed more sophisticated models of earth systems that extend beyond oceanic 
and atmospheric circulation to include ecological processes.  Optimistic proponents 
of Big Data ecology hope that these techniques and the increasingly complex models 
that they drive will provide answers to the many questions raised by global change.  
Much of the hype surrounding Big Data appeals to a techno-futurist belief that 
technology will drive human progress and will provide solutions to the world’s 
problems.  Those working on “novel ecosystems”, newly emergent ecosystems with 
compositions and/or functions unlike any that have been observed before on earth, are 
working with these models to help make sense of threshold dynamics (Suding and 
Hobbs 2009) and species interactions (Nelson et al. 2009) in ways that they hope will 
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ultimately result in an ability to predict ecosystem responses to climate change and 
other matters of concern (Hampton et al. 2013). 
The Cold War period gave rise to the infrastructural investments necessary for 
state-supported “Big Science”, but large-scale quantification of the kind that is done 
through environmental sensing and the production of environmental Big Data emerge 
has its roots in nineteenth-century statemaking practices (Hacking 1990).  It was 
during this time that facts came to be things that could stand for themselves and could 
determine the reasonable course of action in political decision-making (Porter 1996).  
Quantification seemingly eliminates the need for expert opinion by displacing the 
answers to risk-management questions onto an objective numerical space.  In the 
context of the United States, quantification emerged as a political strategy within 
regulatory debates among bureaucrats about how to assess risk (Porter 1996), and the 
perceived neutrality and objectivity of quantitative analyses give them significant 
social authority in both public and private spheres.  For Sheila Jasanoff (2005), the 
purpose of risk assessment in the United States has been to quantify what might 
otherwise be considered matters for value judgments or moral consideration, so those 
metaphysical concerns can be sidestepped in the process of evaluating risk for the 
purposes of policymaking.  Specific, authoritative methods for counting, classifying 
and interpreting the natural world thus become established within state and non-
governmental organizations (Porter 1996, Scott 1998).  
The techniques of quantification have expanded in scope and scale, and the 
quantitative monitoring of nonhuman populations is one of the distinctions between 
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contemporary ecological science and natural history.  As technological advances have 
made quantification processes more efficient by automating and streamlining the 
collection and analysis of quantitative ecological data, ecology has become 
increasingly oriented towards quantification.  The original framework of 
quantification as a tool for bureaucratic risk assessment has not been lost in this 
process.  Computational modeling of long-term ecological systems makes 
environmental uncertainty manageable by providing land managers and policymakers 
a guide for what might be anticipated.  In the next section, I show how the 
quantification of environmental uncertainty that initially emerged as a state project 
for control came to be conscripted into a process of capital accumulation.  Part of this 
process is a guiding belief in progress; that technology and capital can provide a 
solution to global crisis.  
 
Conservation in Anthropocene – TNC vs. Nature Inc.  
The Anthropocene moment precipitated significant changes for fields of study 
in the environmental sciences and for environmental protection frameworks.  Before 
the environmental movement of the 1960s, conservation had largely focused on 
natural resource conservation that prioritized ethical stances for sharing common 
resources.  This evolved over time to include the preservation of particular types of 
landscapes for particular purposes, such as setting aside forests or wildlife areas for 
the management of timber and game, and even the setting aside of parklands for 
aesthetic purposes.  By the late twentieth century, academic and applied conservation 
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was largely operating under the guiding framework of conservation biology.  The 
term “conservation biology” was coined at a 1978 conference on global biodiversity 
that was convened by Bruce A. Wilcox and Michael E. Soulé (Douglas 1978).  
Conservation biology was, from its inception, “crisis-oriented” (Soulé 1985).  It treats 
global biodiversity as being of primary importance for conservation (resource 
protection), takes human population growth, land use, and technological development 
to be the cause of declining biodiversity, and seeks to maintain or restore the world to 
a historic state (the historic baseline).   
The Anthropocene moment presents a significant challenge for the field of 
conservation biology and for conservation practitioners who are working to protect 
and manage land for at least two reasons.  First, it is clear that cordoning off land and 
preventing it from being developed are no longer sufficient to protect the land from 
experiencing anthropogenic change, as human actions are changing the chemical 
composition of the atmosphere, biosphere and geosphere.  Second, the scope and 
scale of change means that the status-quo of the last few years or decades is no longer 
a reliable guide for what to expect from the landscape, so it is necessary to look 
further into time to understand how landscape dynamics change over time.  Further, 
the environmental crises of the Anthropocene have caused some to question what it 
even means to protect land.  Should protection be done in the interest of biodiversity 
(which can be further broken down to protecting from extinction, reducing extirpation 
of species, preserving the legacy of past evolution, or preserving genetic diversity)?  
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Of maintaining keystone species, such as wolves, which disproportionately impact the 
landscape?  Of maintaining charismatic or historically significant landscapes?9  
Because of this, by the early 21st century, ecologists, conservation 
practitioners, and those in related fields began to theorize alternative frameworks for 
how to conduct and apply environmental research.  Many of the proposed ideas about 
how to adapt environmental science to the Anthropocene moment have been met with 
considerable criticism.  The scientists involved in PalEON have been active 
participants in many of these debates and the PalEON project itself is intellectually 
committed to reconceptualizing the framework of ecological forecasting models.  
Understanding the ongoing debates surrounding conservation within academic 
ecology and paleoecology is therefore crucial for understanding the intellectual 
commitments of the PalEON project.  
Perhaps the most widely contested new theoretical approach to conservation is 
that put forth by Peter Kareiva and Michelle Marvier in 2012, known as “The New 
Conservation.”10  This framework is closely associated with the massive private 
conservation organization, The Nature Conservancy, in part because Kareiva was its 
chief scientist at the time.  The authors’ primary claim is that many of the central 
tenets of traditional conservation do not hold up to the newest scientific findings in 
                                                
9 See Karp et al. 2015 for a detailed discussion of a wide range of conservation 
objectives. Chan et al. 2006 discusses the difficulty of balancing biodiversity and 
ecosystem services in conservation planning. Hobbs et al. 2009 discusses some of the 
challenges faced by conservation practitioners in light of global change.  
10. Throughout this chapter, where “The New Conservation” is capitalized, it is 
specifically referring to the framework espoused by Peter Kareiva, the Nature 
Conservancy, and associated scholars, which is outlined most succinctly in Kareiva 
and Marvier 2012.  
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ecology (Kareiva 2014), and that conservation needs to be doing more to protect the 
environment in the current crisis moment known as the Anthropocene.  Specifically, 
natural communities, co-evolution, and equilibrium are cited as outdated ideas that 
ought to be deemphasized in new conservation goals. 
In 2012, Kareiva and Marvier released two articles on the subject.  The first 
mirrors Michael Soulé’s eminent 1985 What is Conservation Biology?, published in 
the same journal 27 years earlier. Soule is considered to be a founding figure in the 
field of conservation biology, which was established as a way to incorporate 
ecological science and conservation policy.  Conservation biology is directed towards 
the goal of maintaining biodiversity (Soulé 1985), and biological science, specifically 
through the quantification of nature, is the best tool for determining how to best 
manage landscapes so as to protect biodiversity.  Kareiva and Marvier’s shares with 
Soulé’s a fundamental trust in the idea that more biological data will help protect 
environments, but the “new conservation science” is more interdisciplinary than 
conservation alone, which allows it to better study the interconnectedness of social 
and natural systems (Kareiva and Marvier 2012).  Rather than see humans as a threat 
to conservation goals, this new framework hopes to break down a dichotomy between 
“human interest” and “conservation interest” in an attempt to find solutions that can 
be in the interest of both human and conservation interests.  The authors claim that 
Soulé’s functional and normative postulates for conservation,11 chief among them the 
                                                
11. The four functional postulates are: natural communities are the products of 
coevolution, ecological processes have thresholds outside of which they become 
chaotic, demographic processes have thresholds below which stochastic forces prevail 
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belief that biodiversity is intrinsically valuable, are no longer representative of 
conservationist’s primary concerns.  Implying that traditional conservation is 
anachronistic, Kareiva and Marvier go on to describe a “new conservation science” 
framework that promotes respecting human rights in the process of distributing the 
costs of conservation, linking conservation efforts to economic objectives, including 
human-altered landscapes in conservation efforts, and including a more diverse array 
of concerns and interests in conservation efforts, including those of corporations.  
 The second article released by Kareiva and Marvier (with Robert Lalasz) in 
2012 was published in a special issue by the Breakthrough Institute titled “Love Your 
Monsters: Postenvironmentalism and the Anthropocene.”  In it, the authors argue that 
conservation strategies will have to change if they are to continue to protect nature in 
the twenty-first century.  The authors claim that conservation of wilderness areas is 
no longer sufficient to meet broader environmental goals.  Conservation will also 
need to attend to more common and mundane landscapes that bear much more 
obvious marks of human intervention, including working landscapes such as urban 
and agricultural areas as well as formerly used areas that have been abandoned.  They 
advocate this expanded definition of what can be valued by conservationists because 
as they see it, the Anthropocene will make it impossible to try to maintain islands of 
nature that are without human influence.  The challenge they see is for conservation 
interests to give up idealized notions of pristine wilderness and nature while at the 
                                                                                                                                      
over adaptive ones within populations, and that nature reserves are inherently 
disequilibrial for large, rare organisms. Soule’s normative postulates are: diversity of 
organisms is good, ecological complexity is good, evolution is good, and that biotic 
diversity has intrinsic value.  
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same time allowing ecosystem goods and services to flourish on a changing planet.12  
Kareiva et al. (2012) mobilize scientific evidence that points to the resilience of 
natural systems and cite a number of sources that describe how efforts to separate 
humans from nature have had negative consequences for indigenous people who live 
and work in “pristine landscapes.”  In their conclusion, Kareiva et al. (2012) remind 
readers that nature is a human construction, and because of this, our understandings 
of what nature is can change over time as society’s beliefs and values shift.  They see 
the Anthropocene as a catalyst for changing the social meaning of nature to 
encompass both wilderness and working landscapes. 
The Nature Conservancy, as an agent of The New Conservation framework, 
prides itself on using cutting-edge ecological research to inform its conservation 
strategies.  According to their website, the Conservancy is “in the business of solving 
problems” through the use of science (Kareiva n.d.).  Big Data techniques are already 
being implemented by the Conservancy through the Natural Capital Project, a 
collaboration with Stanford University, World Wildlife Fund, and the University of 
Minnesota.  The Natural Capital project helps decision makers consider the value of 
natural ecosystems in terms of economic costs and benefits (Kareiva et al. 2014).  
What links The Nature Conservancy, the New Conservation, and environmental Big 
Data is the assumption that scientific and technological progress will provide 
                                                
12. Ecosystem goods and services is a concept that applies economic valuation to 
ecosystem function. This system allows for the application of estimated dollar values 
to both the extractable resources (goods) and the services that ecosystems provide, 
such as the water treatment actions of wetlands. See Büscher 2014 for a discussion of 
how this facilitates the circulation of nature as capital.  
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solutions to social issues.  Because this assumption is the starting point, there is little 
to no critical thought given to the validity of this progress model or the beliefs that 
support it. 
 
Intellectual Roots  
Some of the principles advanced by the “New Conservationists” are hardly 
new at all.  The new conservationists emphasize ecosystem goods and services, and 
their description of the landscape and environment uses language borrowed from 
market economics, such as value and productivity.  The use of the terms goods and 
services to describe ecosystem functions may be new, but the use of market-derived 
metaphors can be seen in the writing of Aldo Leopold (Worster [1977] 1994; 
Woodworth 2013).  Despite his use of these metaphors, Leopold ([1949] 1966) 
insisted that not every member of the “land community” has immediate economic 
value and thus economic arguments should not be made for conservation.  Still, 
metaphors matter, and as Worster ([1977] 1994) demonstrates, the environmental 
ethic is a means for articulating political and philosophical concerns.  
Parts of this same debate have been going on since 1989, when Bill McKibben 
looked at widespread and multiple environmental crises and declared “The End of 
Nature,” a proclamation that caused William Cronon (1996), among others, to argue 
that it is the reification of nature itself that is causing problems for environmentalists.  
Cronon (1996) argues that environmental thought has been heavily influenced by the 
idea that a transcendent nature exists in the wilderness, that this is an inherently good 
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thing, and that human presence, generally speaking, will ruin it.  The purist notion of 
nature achieved notoriety in the works of early environmental writers such as Ralph 
Waldo Emerson, Henry Thoreau, and John Muir (Nash [1967] 2001).  It experienced 
a kind of renaissance in the cold war era as Edward Abbey ([(1968] 1990, [1975] 
2000) and Earth First! (Zakin 1993) pushed against mainstream environmentalism 
with radical ideas from deep ecology, and it has persisted despite the overwhelming 
evidence that suggest North America was a humanized landscape well before Euro-
American settlement (Denevan 1992)13.  In the context of the contemporary United 
States, the wilderness idea is seductive and has come to dominate environmental 
thinking.  It has raised environmental consciousness by playing on people’s 
exploration fantasies, and it has been productive for pushing forward conservation 
legislation.  However, it is also exclusionary to those whose ancestral home is 
suddenly off-limits, to the economic necessity of the environment in our lives, and to 
the complex ecosystems that emerge through the ongoing interactions of many 
species, including humans, on the landscape.  The wilderness concept has pulled 
                                                
13 There has been significant debate over the extent to which North America was a 
humanized landscape prior to Euro-American settlement, including debate about what 
makes a landscape humanized. Denevan (2011) updates the 1992 article with 
perspectives from archaeology and human geography, concluding that while people 
modified the pre-Columbian American landscape, those changes were far less 
intensive than the changes that occurred in the wake of Euro-American settlement. 
Archaeologists and paleoecologists now more or less agree that indigenous 
populations of the Americas engaged in activities that influenced the ecosystems, but 
analyzing the extent of the human influence has been limited by the challenges of 
synthesizing diverse datasets generated by individual studies (Munoz et al. 2014). A 
new, synthetic approach to data analysis suggests that indigenous land use resulted in 
heterogeneous and localized impacts on the environment (Munoz et al. 2014, Vale 
1998, 2002, Bush & Silman 2007, Meine 2008).   
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people away from appreciating more mundane, everyday engagements with nature 
(Cronon 1996).  For Cronon, wildness is generative so long as the concept serves to 
help us perceive of and respect those things around us that we have stopped 
recognizing as natural, such as the city or the farm.  This requires undoing the binary 
between completely artificial (fallen, unnatural) and completely natural (pristine, 
wild).  It requires recognizing that both are wild and both require maintenance, but 
perhaps most importantly for Cronon, recognizing the nature in the built places that 
we live might encourage us to take responsibility for those places and those natures, 
as they are our homes.  
Many of the ideas supporting the New Conservation were outlined in the 
popular book Rambunctious Garden: Saving Nature in a Post-Wild World (2011) by 
Emma Marris.  In it, Marris argues that conservation needs to establish goals that are 
mindful of other social concerns, and that this process will require making value 
judgments about what nature to conserve.  At the heart of Marris’ argument is the 
idea that conservation is a social issue that cannot be sorted out by the simple 
presentation of facts.  There is not one “best” goal for conservation that will be 
determined by science.  In order to have open discussions about the social concerns 
behind conservation, Marris believes that we must first get rid of romantic notions 
about unspoiled or untouched nature.  For Marris, the fact that humans have forever 
altered their environments means that we now have a moral duty to continue to be 
active in the management of the environment.  However, this does not necessarily 
mean long-term, extensive ecosystem restoration projects.  Marris opens the book by 
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pointing out how such projects are problematic for multiple reasons.  For one, they 
are costly and require constant vigilance against elements that are largely out of 
human control, and while such intensive restoration efforts create beautiful spaces, 
these highly managed landscapes can hardly be considered “wild”.  Second, citing the 
work of early big data ecologists such as Jackson and Hobbs (2009), she reminds 
readers that restoring to “baseline” is a fallacious goal.  
 Marris is concerned about the future of conservation in the Anthropocene era. 
Intensive restoration efforts have been at the heart of US conservation for some time, 
but Marris builds on the work of many ecologists to argue that many such efforts will 
be untenable in the face of global climate change.  She is optimistic that people are 
increasingly recognizing that the notion of “pristine wilderness” has a particular 
history and may no longer be useful frame the discussion.  Marris calls on the reader 
to be attentive to mundane, everyday forms of nature, to the wildness of species 
diversity and novel assemblages that pop up in urban spaces, in agricultural zones, 
and in any number of degraded spaces that would be overlooked by traditional 
conservation ecology.  This will require that people shift to valuing “wildness” over 
the pristine.  In her book, “wildness” is used to describe resilience that goes beyond 
the preservation of biodiversity to encompass as well the ecosystem services and 
relationships that plants and animals have with others.  It is this sense of wildness that 
will help “nature” to defend itself against our continuous onslaught of ever-changing 
threats: global climate change, acid rain, ocean acidification, toxic waste, 
radioactivity, even heavy-handed conservation activities, etc.  And even though the 
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human becomes deeply entangled in the natural world in this process, there seems to 
be some sense in which Marris is holding on to this dichotomy by positioning humans 
as the caretakers of this “rambunctious garden”.  
 Those involved in The New Conservation have embraced Marris’s 
“rambunctious garden” approach, while many who oppose TNC take issue with it.  At 
a surface level, Marris shares with the New Conservation movement an optimistic 
belief in the resilience of biodiversity and the capacity for ecosystems to adapt.  For 
Marris, however, the capacity for “wildness” exists outside of our capacity to describe 
and predict it – one of her fundamental premises is that wildness occurs regardless of 
our efforts to initiate or control it.  That it not to say that the capacity for wildness 
exists without limits; Marris cautions that development often is destructive of 
wildness and that destruction must be thoughtfully balanced against the benefits it 
might produce.  This sets her work in clear distinction from that of the most hardline 
ecomodernists, who believe that technological developments will allow human 
development to be separated from natural resource consumption, and thus, no longer 
limited by the constraints of planetary resources.   
One of the defining characteristics of the “New Conservation” framework, 
and the ecomodernists mentioned above, is the embrace of technological and 
entrepreneurial solutions to environmental issues.  Those involved claim that 
economic development will help foster awareness of environmental and conservation 
issues.  They believe that private companies and foundations are able to enact 
changes that the increasingly polarized legislature is unwilling or unable to undertake.  
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The Nature Conservancy, of which Kareiva is the chief scientist, the Long Now 
Foundation, and the Breakthrough Institute are all committed to this new form of 
environmentalism.  This marks a significant change in environmentalist thinking.  In 
1996, Richard White lamented the longstanding tensions between environmentalists 
and “work” in the United States, a situation that he attributes to pristine nature (work 
does not happen in nature).  White believes that this dichotomy has resulted in an 
opposition between economic development and environmental interests, particularly 
in rural areas (1996).  Yet White (1996) also resists putting full trust in technological 
progress, reminding readers that yesterday’s environmental hopes are all too often the 
source of today’s concerns.  More recently, Naomi Klein’s latest book (2014), which 
was the recipient of much pre-release hype, is subtitled “Capitalism vs. the Climate.”  
She claims that free market ideology cannot provide a solution to the current climate 
crisis because it is in fact the cause of the crisis.  
 
Critiques of the New Conservation 
Those who are interested in more traditional frameworks for conservation take 
issue with the way that the new conservation values nature for its potential utility for 
humankind, rather than its own intrinsic value.  Writing against “New Conservation” 
in general, and Marris in particular, Miller et al. (2014: 4) argue that conservation 
needs to encourage “care for nature” and people to mobilize around that belief.  They 
believe that conservation’s primary concern should be preserving biodiversity in 
order to maintain ecosystem function and evolutionary potential.  The authors are 
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deeply concerned about the new conservation that is emerging because it opens up a 
space to embrace novel ecosystems, assisted migration, and rewilding, among other 
positions that they see as being heretical to their views of what nature should be.  
Miller et al. (2014) describe these ideas as efforts to manage nature for human 
benefit, and they oppose the anthropocentric nature of the arguments.  For these 
conservationists, conservation must continue to have an “eco-centric grounding” that 
privileges nature’s intrinsic value.  The authors critique the “ideology” put forth by 
the new conservationists, and argue that their ideas are based on incorrect science.  To 
support these claims, they cite the trend toward increasing biological homogeneity as 
an indicator that conservation efforts are failing as well as studies that suggest nature 
is actually less resilient than the new conservationists claim.  They also decry the new 
conservationist’s belief in eternal economic growth and their use of literature that 
proposes a constructivist idea of nature.  Ultimately, they are concerned that 
conservation ethics grounded in a utilitarian view of nature will only serve to further 
biological destruction.  
Despite harsh critiques, those opposed to New Conservation share a number 
of concerns with those who advocate for it.  Namely, both sides agree that 
conservation needs to be expanded in order to face the challenges of the 
Anthropocene.  What differentiates the two positions is that the New Conservationists 
believe that the pristine nature concept, so crucial to early conservation efforts, now 
may be part of the problem, while Miller, Soulé, and others who oppose these 
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positions, are committed to the idea of a pristine nature separate from human 
intervention. 
There is at least a third position that one could take on this issue, however in 
the back-and-forth debates between those who espouse the New Conservation and 
their staunchest critics, alternative positions were almost entirely ignored.  This may 
be because those alternative frameworks are most clearly articulated in ethnographic 
literature and philosophy (see Sullivan 2014 for an extended discussion), not 
mainstream contemporary ecology.  The dualistic framing of the argument is itself 
symptomatic of an American tradition of struggling with ideas of nature.  Debates 
within academic ecology and conservation biology remain situated within a 
thoroughly secular, binary framing that do not account for a wide range of affective, 
spiritual, or otherwise un-calculable dimensions of the non-human world.  
Anti-capitalist critiques of the New Conservation point to developments like 
carbon trading and payment for ecosystem services as examples of the convergence 
between neoliberal capitalism and conservation (Fletcher et al. 2014).  Ecosystem 
services are abstracted and made fungible through initiatives such as REDD (Fletcher 
et al 2014).  The rise of conservation that privileges biodiversity was coeval with the 
rise of post-Cold War neoliberalism.  Büscher and Whande (2007) argue that this is 
not coincidental, but rather, the trends in conservation reflect broad political and 
economic developments.  The belief that capitalist markets can facilitate conservation 
efforts more effectively than the state is at the heart of neoliberal conservation, but for 
Büscher (2012) this is inherently contradictory.  Anti-capitalist opponents fear that 
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the win-win scenarios for both human development and natural resource conservation 
the New Conservationists are striving for are virtually impossible to achieve 
(McShane et al. 2010).  Despite these critiques, New Conservation ideas have 
expanded their reach from NGOs such as the Nature Conservancy and the World 
Wildlife Fund and have been implemented by the United Nations Environment 
Programme (Arsel and Büscher 2012). 
The New Conservation’s ties to neoliberal capitalism are pernicious because 
they obscure possible alternatives, even alternatives that already exist in the world.  In 
linking capital and conservation, they perpetuate what J.K. Gibson-Graham call 
“capitalocentrism” - the tendency to theorize capitalism as a singular system that 
naturalizes the economy and reifies the idea that the economy is separate from, or 
external to, society.  For Gibson-Graham, dismantling capitalocentrist ideologies is 
the necessary first step towards cultivating socioecological justice. Just as alternatives 
to capitalism fall victim to the pessimistic critique that proposed alternatives are not 
sufficiently different (Gibson-Graham 2006), so too, it seems, do alternatives to New 
Conservation.  According to Bram Büscher (2014), this is indicative of how deeply 
rooted capitalist logic is in environmental thought. Büscher explains how this came to 
be in recent years, as the conservation of nature changed from being a form of 
resistance to capitalism that served to highlight the externalization of ecological 
factors to becoming yet another way to produce surplus value.  It does so through 
“fictitious conservation,” which is the term he gives for the process by which the 
value of “nature” is reshaped to fit the demands of global commodity markets.  
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Nature in this form can be circulated based on its ability to provide ecosystem 
services that ostensibly offset the harmful effects of more traditional methods of 
capitalist production.  Fictitious conservation de-externalizes nature and brings it 
fully within the realm of capitalism, making it ever more difficult to conceptualize 
nature in non-capitalist ways. 
The work of philosopher Allen Thompson (2009) is a good example of 
environmental ethic that is trying to seek an alternative valuation for nature, while 
still relying on capitalocentric terms.  Thompson suggests that we now need to 
consider an environmental ethic that does not rely on attributing instrumental or 
aesthetic values to landscapes.  This would mean, essentially, developing a new sense 
of “the wild,” one that accepts, if not embraces, novelty.  He proposes a new 
environmental ethic that could make room for the hopefulness of biotechnology and 
other heavily humanized landscape management efforts while at the same time being 
skeptical of technological quick fixes.  Writing with paleoecologist Stephen Jackson, 
Thompson argues that respecting humanized landscapes and anthropogenic novelty as 
a part of nature itself is a big shift for environmental thought, but one that may be a 
necessary adaptation to the realities we collectively face in the Anthropocene 
(Thompson and Jackson 2013).  The argument that they put forth shares much with 
Kareiva et al. (2012) and Marris (2011), which is not surprising given that this is the 
same Jackson whose pioneering research in no-analog ecosystems lay the 
groundwork for novel ecosystem ecology, and who urged conservationists to rethink 
their use of historic baselines.  However, Thompson and Jackson are less prescriptive 
  44 
and are concerned with the unintended consequences of landscape management and 
conservation practices.  
There are a few options for alternatives to the utilitarian or intrinsic framings 
of nature, which may be seen as two sides of the same coin (Fletcher et al. 2014).  
That the two, related concepts, can be so readily understood to be the only options 
available is itself a powerful impact of the quantification of the natural world.  
However, insights from feminist science and technology studies help reveal the ways 
in which it is much more complex.  Facts and values about the natural world emerge 
side-by-side, not separate from one another.  Marxist critiques of the valuation of 
nature critique the way that the natural world becomes conscripted into use-value, but 
the critique emerges through analysis that treats economic systems as distinct from 
social relations, rather than a component of them.  The processes of abstraction that 
have made it possible to make nature legible to the market can be traced at least as far 
back as the Enlightenment, making it difficult to conceptualize other ways of 
understanding and categorizing the world.  Feminist critiques of the valuation of 
nature take as their starting point the notion that capitalocentrist (or economocentric) 
modes of analysis will only serve to perpetuate the problematic valuation of nature, 
and instead, we must look to non-economic understandings of the natural world.  For 
example, Siam Sullivan (2014) turns to ethnographic accounts to see what a different 
approach to nature might look like.  Sullivan finds inspiration in forms of animism 
that depart from modernist thought through their recognition of the multiple and 
overlapping interdependencies that constitute life.  Through such recognition, 
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Sullivan argues, we might be able to think beyond the forms of alienation that 
capitalist valuations of nature depend on.  
 
Novel Ecosystems 
The New Conservation proponents root their arguments in science that heralds 
the mobility and independence of individual species.  In this framework, ecosystems 
are transient and contingent, comprised of species that are simply occupying the same 
niche at the same time.  There is nothing inherently natural or inevitable about any 
given collection of species and coevolution is but one of many adaptive strategies that 
species employ.  This school of thought is an extension of Gleasonian ideas. In 1926 
Henry Allen Gleason claimed that co-occurring species are not inherently 
interdependent, rather, species are distributed across the landscape independently of 
one another.14  Another way of thinking about this, and one that is taken up by my 
interlocutors in the PalEON project, is that species move across the landscape and 
through time independently of one another, rather than adhering to specific 
community composition patterns.  The Gleasonian perspective gradually took hold as 
the dominant framework for ecology during the latter half of the twentieth century 
(Tobey 1982).  The shift is significant within ecology in part because it began to 
unravel the idea that there is a proper natural order of things. From a social science 
                                                
14. This is not to say that species do not interact or depend on one another, but rather 
that those interactions and interdependencies are based on functions that could be 
fulfilled by other organisms in different conditions.  
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perspective it is also interesting because it is a great example of how widely held 
beliefs shape scientific knowledge.  
In his 1995 essay, Michael Barbour shows how the shift towards Gleasonian 
ecological individualism tracked the post-World War II rise in individualistic 
liberalism.  The framing tenets of new conservation can be traced back to this 
decades-old debate about the nature of ecosystems themselves.  At the same time, 
however, we can also see how popular economic metaphors are incorporated in the 
interpretation of ecological theories by seeing how those metaphors change with 
dominant narratives.  The extension of the Gleasonian individualistic concept by early 
big data ecologists is the foundational biological theory behind novel ecosystems.  
Theories about novel ecosystems have increasingly come into acceptance in the last 
five years and serves as the scientific support for the new conservation.  Novel 
ecosystems are ecosystems with compositions and/or functions unlike any that have 
been observed, including those that have been observed through proxy in the 
paleoecological record (Hobbs et al. 2006).  The strong emphasis on the individual 
species does not mean that there are not significant interactions and interdependencies 
at play.  On the contrary, the inextricable and complex interactions between the biotic 
(biological) and abiotic (environmental) components of an ecosystem are one of the 
primary mechanisms by which novel ecosystems emerge.  Changes in physical 
processes or chemical composition (of the atmosphere, for example) will have an 
impact on the vegetation, and the vegetation in turn will impact those processes.  
Given these conditions, anthropogenic global change can be expected to result in 
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significant ecological shifts that will unfold in complex and unexpected ways, the 
result being increasingly novel ecosystems.  
In the introduction to their 2013 edited volume, Hobbs et al. outline their 
conceptual approach for understanding novel ecosystems.  For them, the increasing 
prevalence of novel ecosystems in the environment means that ecosystem 
management must now be open to new goals and approaches if it is to benefit the 
well-being of humans and non-humans.  Researchers have largely ignored novel 
ecosystems in the past, and the disregard for these landscapes can be seen in the 
value-laden terms used to describe them, such as “degraded.”  However, according to 
Hobbs et al. (2013), these systems can no longer be overlooked.  Global change has 
already caused the planet to pass thresholds that prevent these systems from returning 
to their antecedent states.  As such, they have become integral parts of a larger 
ecosystem, and their influence on non-novel systems (systems with historic analogs) 
means that traditional conservation and restoration practices and norms must now be 
reevaluated.  
The notion of the historic baseline is a crucial one for understanding why 
theories that accept ecosystem novelty are significant.  The historic baseline is a 
concept upon which most restoration ecology and landscape management strategies 
have been based.  The historic baseline assumes that there is an inevitable and 
unchanging (or very slowly changing) natural order of things, and that human 
activities on the landscape disrupt this order.  Stephen Jackson and John W. 
William’s series of work in the early 2000s destabilized the notion of baselines, and 
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they questioned the assumption that the past can and should be used as an accurate 
indicator of present and future conditions.  Jackson and Williams (2004) argue that 
paleobiology relies too heavily on the notion that the knowledge and experience of 
the present can be directly applied to the fossil record.  Jackson and Williams 
cautiously argue that this leads to overlooking crucial aspects of global change in the 
past, such as ancient plant communities comprised of species assemblages that have 
never been seen in the present (dubbed “no-analog” communities). The paper 
concludes with a brief claim that if species associations are indeed ephemeral there 
would be important implications for ecology, evolution and conservation.  However, 
those implications remain unstated.  
Extending this argument into the future and thinking about practical 
conservation efforts, Williams et al. (2007) show that standard conservation efforts 
will be insufficient to protect against species loss in the face of rapid global climate 
change.  Citing evidence of no-analog ecosystems in the past, they suggest that 
conservationists and land managers need to prepare for a future in which many 
landscapes will have a composition unlike anything from the current period or the 
past.  Williams and Jackson (2007) offer the term “ecological surprises” to describe 
both novel ecosystems and climate regimes that have never before existed. The main 
concern of their 2007 article is that current planning strategies are ill equipped to 
handle such unprecedented events.  At the heart of the issue is a philosophical 
concern: global change undercuts the principle of uniformitarianism upon which most 
natural science depends, including ecology.  What big data ecology has revealed so 
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far is that the current state of the Earth system is one of many possible states.  The 
future, too, could be one of many possible states. Global change thus has the potential 
of inducing changes that result in ecosystems unlike anything in the past.  
Understandings of processes and patterns in the present might therefore be less useful 
than previously thought for understanding both past and future ecosystem dynamics. 
Building on this work in no-analog communities and ecological surprises, 
Jackson and Hobbs made a significant intervention in ecology with their 2009 article 
“Ecological Restoration in the Light of Ecological History.”  Citing evidence from 
paleoecology, their field of study, the two claim that a deeper consideration of 
ecological history reveals that the idea of a pristine landscape prior to European 
contact is a myth, that change is the greatest constant in the natural environment, and 
that the legacy of human activity on most landscapes is too extensive to ignore or 
overcome.  They make a forceful and important claim that challenges conventional 
conservation ecology: “In the long run, no inherent natural ecosystem or landscape 
configuration exists for any region” [emphasis added].  The significance of this claim 
is that current restoration targets are not based on “objectively identifiable natural 
states,” which allows the authors to present an alternative framework that is grounded 
in lessons from paleoecology.  According to the authors, the paleoecological record 
demonstrates that change is normal, and that ecosystems have exhibited a wide range 
of variation over the centuries and millennia, each of which can and should be 
considered alternative natural states.  If this were to be used as the guiding principle 
for restoration ecology, there would be room to consider values other than historic 
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fidelity, such as economic value or an intrinsic value of certain forms of nature.  
Jackson and Hobbs (2009) suggest maximizing ecosystem goods, services, and 
functions, including aesthetic values.  One can assume that historic fidelity may be 
considered an aesthetic value under these guidelines.  
The widely cited article by Jackson and Hobbs (2009) lays the groundwork for 
scientifically informed conservation that does not attribute an intrinsic value to 
nature, making it a significant precursor to the development of the New Conservation 
framework.  When Hobbs et al. elaborated these ideas in the 2013 edited volume, 
Novel Ecosystems, it was more clear that they were interested in conserving genetic 
diversity and the ability to adapt to ongoing change, rather than privileging 
wilderness or fidelity to a historic baseline. In the introduction to the edited volume, 
the authors quote Plato and Heraclitus: “Everything changes and nothing remains still 
. . . you cannot step twice into the same stream” (in Hobbs et al. 2013: 4).  It is the 
emphasis on change that sets this work apart from other ecological theories that 
emphasize equilibrium and long histories. 
Hallett et al. (2013) see the novel ecosystem movement as such a significant 
break from earlier ecological theories that it forms part of a paradigm shift within 
ecology.  The serious consideration of novel ecosystems makes ecosystems 
management a matter of determining what to value and when to intervene instead of a 
matter that can be resolved through scientific facts.  The authors argue that we should 
accept some ecosystem change and that it is acceptable to intervene in “nature” in 
ways that promote biodiversity and ecosystem services, because historical 
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examination reveals a considerable amount of ecosystem change driven by 
anthropogenic and non-anthropogenic forces (Hallett et al. 2013).  Because of the 
frequency and degree of these historic changes, the desire to maintain ecosystems to a 
singular historical baseline is misguided.  The case for novel ecosystems is that they 
are a pragmatic option given the innumerable challenges facing conservation biology 
because these systems are often able to maintain a functional similarity to historic 
ecosystems, and in some cases are able to maintain functional relationships with 
endangered or other desirable key species.  However, these scholars are quick to point 
to the ways they are still very much concerned with more traditional goals of 
conservation, namely the preservation of genetic biodiversity.  What differentiates 
them, in their minds, from older forms of conservation, is the belief that what is 
important about biodiversity is the preservation of genetic variability that might 
contribute towards future adaptability in the face of ongoing global change.  The 
adaptive potential of biodiversity is one of the foundational tenets of the new 
conservation, but the biodiversity framework is only concerned with evolutionary 
potential. It ignores other capacities for species and ecosystems to build relations with 
each other, such as niche construction15.  Biodiversity metrics are more easily 
quantified and modeled than other, more complex systems of biological relations, 
                                                
15 Niche construction is a process by which an organism alters the environment in 
which it lives, in ways that have lasting impacts over multiple generations. A classic 
example of niche construction is dam building by beavers, which creates dramatic 
changes in the environment. Beaver dams foster some forms of life, by creating safe 
nurseries for young salmon and trout, but harming others by selectively felling 
favored tree species and hindering their reproduction.   
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making its dominance in conservation yet another example of how the desire for 
quantification trumps other modes of ecological analysis16.  
At a surface level, the Anthropocene moment can easily be mistaken for being 
a moment of reconfiguration or radical rethinking of the norms and assumptions of 
environmental thought.  However, in the chapters that follow, I show how it largely 
perpetuates problematic myths of human exceptionalism, capitalocentric progress 
narratives, and relies on quantification and overly-simplified modeling.  However, the 
Anthropocene is not as totalizing as it may seem, and I am able to identify gaps in its 
narrative; moments were alternatives already exist in ecological theories and 
modeling practices.  
 
Outline  
 Ecological forecast modeling has emerged in this Anthropocene era as a mode 
of engagement with the material world that assembles and mediates environmental 
data so as to make uncertainty manage-able.  Material traces of the past are organized 
through ecological forecasting models, making them a particular form of spacetime 
work.  The chapters that follow are an ethnographic exploration of the complex social 
life of ecological forecasting models from development through use, with particular 
attention to the intellectual histories and theories that become embedded in the 
                                                
16 It is worth mentioning that after leaving his position at the Nature Conservancy, 
Kareiva and Marvier (2016) themselves published a critique of the use of biodiversity 
as the primary metric by which conservation is evaluated, arguing that conservation 
might be better served by attending to the surprising and vibrant interactions between 
species.   
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conceptual infrastructure of the model.  I trace the development of one ecological 
forecasting model in particular, the PalEON model, which was developed with the 
intention of creating a better understanding of how the landscape of the Northeastern 
United States (including the Upper Midwest) will transform via anthropogenic global 
change.  The projections that are produced by the PalEON model serve to buffer 
against the uncertainties of global change by offering landowners and policymakers 
some estimates of what can be expected in future landscapes.  In tracing the 
projections out into the world, I followed the efforts of land managers and 
environmental activists who invoked the model in their efforts to protect public lands 
in Northwest Indiana.  
 In Chapter 2, I describe the PalEON project and introduce the laboratories and 
the project participants that are the focus of this research.  I outline the history of the 
project and trace some of the intellectual genealogies that have brought this particular 
group of researchers together.  The personal political and academic interests of this 
particular group of scientists are important for the telling of this story for two reasons.  
First, it establishes the context within which they are working, and secondly, by being 
attentive to how the project has emerged, I can later draw attention to the processes 
by which they come to see themselves in relation to the knowledge they produce.   
In Chapter 3, I describe how models come from places. As a type of 
conceptual model, theories, including scientific and social theories, emerge from 
specific contexts.  Because the regional environmental and economic history must be 
considered as a part of the model-process itself, I explore one specific place, 
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Northwest Indiana, and I trace the pivotal role that this place has played in the history 
of American ecology, American conservation, and in the development and use of the 
PalEON model.  
 In Chapter 4, I trace out the process of developing an ecological forecasting 
model from the first steps of fieldwork through codifying the final model.  In so 
doing, I demonstrate how “the model” is not an object but an iterative process of 
modeling that simultaneously produces an agglomeration of data and computer code 
called “the model” as a particular form of subjectivity that figures the scientists as one 
form of “anthropo” in the Anthropocene.  As the model circulates and adapts and 
made to incorporate new information, it allows the researchers who are working with 
it to conceptualize the landscape in a multitude of ways.  The process of modeling 
creates multiple landscapes that transcend conventional spacio-temporal boundaries.  
The modeling process combines theories and data that emerge out of specific, situated 
contexts and reimagines them in a palimpsest of landscape information from across 
different points in geographic space and time. 
In Chapter 5 I expand on the conceptual models that frame the premise of 
ecological forecast modeling.  Ecological forecasting models are one of the tools used 
by land managers to restore land for the purposes of conservation.  Landscape 
conservation is commonly thought of, and indeed, often fashions itself as being linked 
to ideas of a pristine wilderness or of the ability to make clean delineations between 
“nature” and “culture”.  I am able to demonstrate that the status quo environmental 
thought is mired in theories about the world that ultimately are complicit in long-term 
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ecological destruction.  However, and perhaps more importantly, there are already-
existing alternative frameworks that we may use to think with and to create more just 
ecological futures.  
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Chapter Two  
PalEON - Description of the project and labs 
 
In order to better understand the development and circulation of ecological 
forecasting models, I engaged in ethnographic fieldwork among the researchers 
involved in the Paleoecological Observatory Network (PalEON).  PalEON is an 
interdisciplinary team of paleoecologists, ecological statisticians, and ecosystem 
modelers working together to reconstruct the forest composition, fire regime, and 
climate across the northeastern United States.  The data that is produced by PalEON 
is used to drive and validate terrestrial ecosystem models that are used to predict 
ecosystem responses to climate change.  These predictions can serve as the basis for 
conservation strategies and can be used to guide governmental policy decisions.  The 
project has been funded through a series of successful proposals to the NSF 
MacroSystems Biology Program, and much of the data collection infrastructure was 
funded through NSF Long Term Ecological Research (LTER) proposals and/or the 
National Ecological Observatory Network (NEON).  PalEON’s primary goal is to 
rectify what they see as several crucial flaws in existing models of terrestrial 
ecosystems, and especially ecological forecasting models.  
At the time the network was established in 2011, there was a large degree of 
variation across future projections produced by ecological forecasting models.  
According to members of PalEON’s leadership team, this is because existing 
ecological forecasting models fail to adequately capture ecosystem dynamics.  They 
attribute this failure to three major categories of concern that they plan to address in 
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their own model (the PalEON PEF model): 1.) existing models do not adequately 
address uncertainties and indeterminacies in the data and in the model processes 2.) 
existing models are based on present-day conditions of ecosystems, but many of the 
factors that determine ecosystem dynamics operate on very long timescales (centuries 
or even millennia), thus in order to capture those dynamics, the new model must take 
into account longer timescales 3.) existing models have not taken longer timescales 
into account in part because in North America, the pre-European colonization 
landscape has been assumed to be a stable baseline.  The PalEON project addresses 
these concerns through two major interventions into the field of ecological forecast 
modeling: 
First, the PalEON model takes as a foundational assumption the idea that pre-
colonization landscape was dynamic, and that those changes in climate and land use 
continue to be consequential forces on the landscape today and into the future.  This 
is where the “paleo” of PalEON becomes crucial.  Paleoecology is the study of 
ecosystems of the past through fossil or subfossil organisms and associated remains.  
Plant remains, in the form of fossil pollen from lacustrine sediments or tree-rings, are 
the most commonly used data source for the members of PalEON, though they 
supplement this with proxy data and historical records when available.  By 
incorporating a variety of paleo-data into terrestrial ecosystem models, the 
researchers are able to improve the models’ ability to capture forest succession and 
disturbance regimes.  Models that include plant dynamics, such as predictions about 
forest succession, are thought to be more useful tools for conservation and policy-
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making than climate models, which generally have coarser spatial resolution, and 
produce outputs for temperature and precipitation without extrapolating those outputs 
to include the effects they would have on the landscape.  The research goal of 
PalEON is to produce credible, useful knowledge by improving the temporal and 
spatial resolution of terrestrial ecosystem models so that they may more effectively be 
used to understand and respond to 21st century climate change.  This puts publicly-
engaged science at the forefront of PalEON’s mission.   
The emphasis on landscape dynamics may seem like a minor point, but the 
idea that the model refuses the notion of a stable historical ecological baseline is 
actually a radical proposal, as it disrupts much of the foundation of American 
ecological theory, and it draws attention to the active role that indigenous people 
played in the pre-EuroAmerican settlement.  It is worth noting that some members of 
this team did recognize this aspect of the project as being inherently political, though 
the default statement was that incorporating the dynamism of the pre-EuroAmerican 
settlement landscape and the agency of indigenous peoples was primarily about 
“getting the science right” (i.e. matching the empirical evidence to the theory).  Those 
who recognized it as an explicitly political project were interested in talking about the 
political consequences of their work with me, but were less comfortable with putting 
it “out there” in the form of formal publications.  This was in part because 
components of this project and related projects were under congressional audit17 
                                                
17 Namely NEON, the National Ecological Observatory Network, which provided 
much of the raw ecological data that the project needs for their model.  
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during the time that I was working with the modeling team, and there was a great deal 
of concern about minimizing (potentially negative) attention. 
Second, the project utilizes Bayesian statistical analyses, which allows the 
team members to incorporate estimates of data uncertainty and model-process 
uncertainty throughout the model, so that the model outputs offer estimates of the 
cumulative uncertainties in the model system.  The result is that when the model is 
run, it offers results with probability estimates, for example it might show that in the 
Western Massachusetts area, Beech is projected to decline, and that there is a greater 
than 90% probability of this estimated decrease occurring over 1000 years18.   The 
heavy reliance of the project on Bayesian statistics, rather than more traditional 
frequentist statistics, is in part because of the relative youth of the discipline of 
paleoecology and because of the social and political stakes of the research. 
The discipline of paleoecology is young, having come of age in the last thirty 
years, during the social and political upheavals of the culture and science wars, and as 
climate change was beginning to emerge as a significant physical and social 
phenomenon.  Because of the discipline’s youth, and its utility to broader climate 
science research, critiques of climate change science have played a significant role in 
                                                
18 In Bayesian statistics, probability is dependent on the degree of belief that the 
statistical modeler has in the data and processes they are working with. This degree of 
belief may be informed by known causes of uncertainty (such as inconsistencies in 
pollen dispersal across the landscape) but more often than not are estimates of 
suspected causes of uncertainty (such as may be the case when adding an uncertainty 
estimate to the degree of confidence that one has in the surveyor’s data. How does 
one quantify the number of mistakes made by the workers identifying trees in the 19th 
century Public Land Survey?). In this way, Bayesian probability estimates serve as a 
way to formally and numerically incorporate subjective information about the quality 
of data into the models and ultimately, into the models’ output forecasts.  
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shaping paleoecology as a field of research.  My preliminary research shows that 
many paleoecologists are concerned with their position relative to the culture wars19 
and debates about anthropogenic climate change.  They perceive pressure from 
climate change skeptics and deniers to reduce the level of uncertainty20 in their 
findings, and one method they have used for increasing certainty is to reframe their 
research in terms of “predictive science”.  Predictive science quantifies the inevitable 
uncertainty present in modeling complex systems such as the earth’s climate. In 
taking up the techniques of predictive science, paleoecologists acknowledge the 
                                                
19 I am referring to the still-ongoing conflicts in the United States between the long-
dominant Protestant Christians and the “others” who had worked to establish a 
secular, multi-cultural, progressive vision of the country. The US was founded as a 
secular nation, but, as Talal Asad (2003) argues, the very category of “secular” is 
made possible through Protestant Christianity, thus making even secularity itself a 
legacy of Protestant heritage. As the former majority (Protestant Christians, lost 
political power in the sixties and seventies, an active counter-movement took shape. 
The Religious Right emerged, determined to regain control of the country by 
supporting a socially and fiscally conservative political platform. Anthropogenic 
climate change is threatening to conservative Protestants for multiple reasons, but the 
two notable reasons are that climate change mitigation and adaptation efforts would 
threaten the liberties of both an individual and a sovereign nation (by imposing 
carbon taxes, or caps on carbon emissions, for example), and that the notion that 
humans can impact the earth on a geological scale challenges mainstream orthodoxy 
on God and creation.  
 
20 Throughout this dissertation, I maintain a significant difference between the terms 
uncertainty and indeterminacy. When uncertainty is used, I am referring to a 
limitation in knowledge, whereas indeterminacy refers to that which cannot be 
known. Climate models do not predict the future, per se, because the future is 
indeterminate. Climate models do, however, present an estimation of how a model 
system (i.e. the landscape of the Upper Midwest) will respond to changes in the 
environment (i.e. increased concentrations of atmospheric CO2) based on the way 
similar systems have acted in the past. Such model systems are considered to be 
uncertain, because there are limitations on what is known about the system’s 
dynamics.  
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uncertainty that is present in non-linear model systems, rather than try to mask it.  
The uncertainty that is present in the model systems is quantified, and that 
quantification is used to make claims about the confidence in their methods and 
findings.  Paleoecology is a space of knowledge production in which uncertainty and 
indeterminacy are recognized as integral components of science, while at the same 
time, the researchers themselves are unsure of to how to present this knowledge to a 
public that they perceive as being either hostile to uncertainty or incapable of 
understanding complexity.  In developing a predictive science of paleoecology, the 
members of PalEON are working together to both reduce the uncertainty present in 
climate models, and to quantify that uncertainty that exists and imagining ways to 
effectively communicate it.  I hypothesize that this relatively new form of scientific 
collaboration is a consequence of the critiques of science that have emerged within21 
and beyond the scientific community in the past few decades 
 
The Project 
PalEON was officially founded in 2011 with funding from the National 
Science Foundation (NSF) MacroSystems Biology program.  At the time of its first 
                                                
21 Protestant Christians are not the only group who have challenged the hegemony of 
Western Science in the past few decades. The culture wars coincided with the science 
wars – a period of debate between scientific realists and social constructivists. 
Scholars interested in the social construction of scientific facts were interested in 
demonstrating the work that is involved in the production of scientific knowledge, 
and that it is not as simple as unveiling a natural and unmediated truth (Latour 2004). 
Though Latour and others (Barad 2007, Haraway 1997) insist that this does not mean 
that science is not real, some of the arguments of social constructivists have been 
appropriated by those who have other interests in undermining scientific findings.  
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successful NSF proposal, the network included 34 scientists from 21 institutions, but 
this has expanded over the years to now include approximately 100 researchers and a 
leadership team of 10.  There are 14 principal investigators (PIs) and co-principal 
investigators who receive direct funds from the NSF to administer their respective 
components of the project.  Some of these PIs and co-PIs are focused on specific 
research activities (such as developing and compiling vegetation disturbance data for 
North America), while those who are part of the leadership team also contribute to 
overall project management.  Though there is a lead PI, Jason McLachlan, who is the 
overall leader of the project, the leadership team sets strategy and long-term goals for 
the project through consensus.  
Organizing the multi-year directives of a large research network by consensus 
was often a complicated and slow-moving process.  There are weekly leadership team 
conference calls that would frequently exceed their scheduled time.  Additionally, 
there are annual in-person meetings of the leadership team that would run late into the 
night.  The organization of PalEON is described as “purposefully-flat” (McLachlan 
2012).  This serves three goals. The official purpose of the non-hierarchical 
organizational structure of the project is that it allows for more members to be PIs and 
co-PIs.  Increasing the number of PIs and co-PIs facilitates the distribution of research 
funds and conveys a career benefit to those participants, because they are officially an 
administrator of a multi-million dollar grant.  There is a third and unofficial reason 
for the flat organizational structure, and that is that the lead PI, Jason McLachlan, has 
a passion for anarchist political theory and is committed to the idea that socio-
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political contexts shape knowledge production.  He believes that the unconventional 
design of the project’s organization will facilitate innovative research findings.  
It is notable, however, that this “flat” organizational structure only extends to 
the leadership team. All participants in this network and project are scientists who 
hold affiliations with academic and governmental institutions.  Those institutions are 
organized according to hierarchical structures that place limitations on the roles that 
members can play in PalEON.  For example, researchers employed by PalEON as 
post-doctoral scholars are not included in the leadership team and those consensus-
building conversations, even though in some cases those post-doctoral scholars have 
been on the project longer than other leadership team members and in some cases are 
producing the most vital components of the research and model.  Post-docs and 
graduate students work exclusively on pieces of the project that have been assigned to 
them by PIs, and have minimal ability to direct the long-term research strategy of the 
project.  
There were initially three working groups that project members and their sub-
projects were divided into.  The number of official “working groups” has expanded 
over the six years of the project, but the groups can still be organized under three 
primary working group umbrellas: the statistics working group, the modeling working 
group, and the data working group.  Each of these three primary working groups is 
associated with a PI and a laboratory that serves as the central hub for those 
components of the research.  I organized my fieldwork so that I could learn from each 
of these working groups and so that I would spend time in each of the primary labs 
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associated with them.  Below, I describe each of the working groups. I detail the 
members of the working group, the geographic location, the role that the group plays 
in the broader project and the specific components of the research that the working 
group members are responsible for.  As the project has evolved over the years, these 
working groups have become increasingly integrated and the project includes more 
and more cross-disciplinary interactions, but these distinctions continue to be useful 
as heuristic devices 
 
Data working group 
 The data working group is led by Jack Williams at the University of 
Wisconsin, Madison.  The Federal Director of the Southwest Climate Science Center, 
Steve Jackson, is the co-leader of the data working group.  The data working group is 
responsible for the paleoclimate and vegetation data collection activities, which 
includes all of the fieldwork that is done by project members, as well as the collection 
of historical vegetation data, which includes the data assembled from the Public 
Lands Survey (PLS).  While the data working group does engage in the collection of 
new data in the form of collecting tree cores, sediment cores, and assembling 
vegetation data from PLS inventories, the data working group spends the majority of 
their time using statistical analyses to create spacio-temporal models (which they 
refer to as “reconstructions”) of the vegetation based on material traces from the 
landscape22.  Both Jack and Steve use the methods and the theories of paleoecology to 
                                                
22 See Chapter 4 for more details on this process.  
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explore the responses of terrestrial ecosystems to climate change, and both have 
written extensively on the emergence of novel or no-analog ecosystems.  Steve is 
particularly interested in how paleoecology and ecological history can inform 
conservation and land management, and it is this interest in “applied” paleoecology 
that brought him to work for the U.S. Geological Survey’s Southwest Climate 
Science Center. Jack is an Aldo Leopold Leadership Fellow23 and is committed to 
working with the public and policymakers on matters of environmental concern. 
 During my fieldwork, I spent two months in residency at the Williams Lab at 
the University of Wisconsin, Madison, and made many other short-term trips to the 
lab. Additionally, as part of my fieldwork with the data working group, I went on 
multiple trips to various data collection sites.  These trips were typically ranged from 
two to ten days in length and included: 1.) a trip to collect tree ring cores in Western 
Massachusetts 2.) a trip to Toolik Field Station on the northern foothills of the Brooks 
Range in Alaska to collect tundra plants for biomass modeling 3.) a trip to a research 
station in Michigan’s Upper Peninsula to collect lake sediments for pollen analysis 
and 4.) multiple trips in the Northwest Indiana region to do modern-day recreations of 
the Public Land Survey (PLS) so that the modeling team could more effectively 
calculate the uncertainty of PLS data.     
The data working group is the largest working group in the project.  The 
Williams Lab is the leadership home of the data working group and was also the first 
                                                
23 See preface 
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lab to join the project, but as of beginning of Phase 224 of the PalEON project in 
2012, the working group includes 29 other participants who are dispersed across 14 
academic institutions, the National Park Service, Chicago Arboretum and Harvard 
Forest.  All participants in the data working group are based in the United States, 
which facilitates data collection.  Most of these participants contribute to the 
collection of paleoecological data, such as tree rings and pollen cores, but some 
specialize in historic datasets.  Participants in the data working group who are housed 
in academic institutions often have graduate and undergraduate students working as 
research and field assistants, and in most cases, those students provide the labor 
necessary to amass the datasets, which are quite large and labor-intensive. I discuss 
the data collection process in more detail in chapter four.  The PalEON project funds 
one post-doctoral research position in the data working group, a position that is held 
by Simon Goring, who was located in the Williams Lab at the University of 
Wisconsin, but who now works remotely from his home in Canada.  
 
Modeling working group 
 The modeling working group is lead by Mike Dietze at Boston University.  
The modeling working group is working on testing and calibrating models using 
paleoecological data gathered by the data working group to reduce statistical 
uncertainties in the ecological forecasting model so that it might have greater 
                                                
24 The project is divided into Phases according to the NSF proposals. The project is 
currently nearing the end of Phase 2, which will end in June 2018. The rosters of 
official participants are updated at the beginning of each new phase.  
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predictive capabilities.  The team is addressing the problem of uncertainties in 
forecasting through three research questions.  The first is to determine how well the 
existing ecosystem models simulate ecosystem dynamics in response to climate 
changes in the past, the second is to understand how sensitive the models are to the 
initialization state and to assumptions of equilibrium, and the final goal is to 
determine how to improve parameters and processes so that the model more 
accurately captures data.  
 I spent two months visiting the Dietze Lab at Boston University during the fall 
of 2013 so that I could be present for the parameterization and initialization of one of 
the early model runs.  The Dietze Lab houses most of the post-doctoral researchers 
who are affiliated with the project, and through Boston University, the lab has access 
to powerful computing processors that reduce the project’s dependence on NSF 
supercomputers, as well as data storage on the shared computing cluster that helps 
alleviate some of the burden of storing many terabytes of information.  
 In addition to the Dietze Lab, there are 19 other participants in the modeling 
working group.  Because most of the modeling work is done on distributed, 
networked computers, the modeling working group is even more geographically 
disparate than the data working group.  It includes four international participants and 
has far more participants that are affiliated with non-academic institutions than the 
data working group.  Those non-academic institutions include two different branches 
of the Smithsonian Institute, the National Ecological Observatory Network, Oak 
Ridge National Laboratory, and Neptune and Company, a private environmental 
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consulting firm.  Like the data working group, many of the members of the modeling 
working group who hold academic affiliations also have graduate and undergraduate 
research assistants who work on the project.  The modeling working group has 
included multiple postdoctoral researcher positions, including two who are based at 
the University of Arizona, working with David Moore, and two who were based at 
Boston University in the Dietze Lab.  
 
Statistics working group 
The statistics working group includes the lead PI of PalEON, Jason 
McLachlan, and is co-lead by Chris Paciorek. Jason McLachlan is based at the 
University of Notre Dame, while Chris Paciorek is at the University of California, 
Berkeley.  The statistics working group post-doc, Andria Dawson, was affiliated with 
both labs, but often worked remotely from her home in Canada.  The statistics 
working group is the most synthetic of the working groups, as their primary 
responsibility is to bridge model and data through space-time statistical methods.  
These statistical tools allow the project to estimate patterns in vegetation over 2000 
years based on data assembled by the data team.  Both Dawson and Paciorek were 
trained primarily as mathematicians, but both spent two years in the Clark Lab at the 
Nicholas School for the Environment at Duke University, where they studied 
ecological modeling under Jim Clark. 
The McLachlan Lab at the University of Notre Dame is one of the physical 
homes of the statistics working group.  It is also the home base of the full-time 
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PalEON project manager, Jody Peters.  The McLachlan Lab thus serves as the 
primary hub around which most PalEON leadership and management activity takes 
place.  Also, through it bridges the domains of the data working group and the 
statistics working group, much of the actual labor required to establish vegetation 
data from the United States Public Land Survey25 was done in the McLachlan Lab.  I 
spent nine months at the McLachlan Lab at the University of Notre Dame because it 
is involved so actively in so many of the components of the project.  Time spent at the 
McLachlan lab allowed me to participate in weekly leadership team conference calls 
and bi-monthly conference call meetings of each of the working groups, engage in 
participant-observation with members of the statistics working group and with 
members of the data working group who were working on the PLS surveys, and with 
project members who were actively collecting data from field research in the 
Midwest.  The relatively close physical proximity allowed me to visit the Williams 
Lab on a quarterly basis to catch up on the work that the rest of the data working 
group was doing.  Finally, the McLachlan Lab was also home to the only directly 
applied component of the PalEON project, the Grand Kankakee River Watershed 
assessment.  
The Grand Kankakee River Watershed assessment utilizes PalEON data and 
modeling tools to virtually reconstruct the ecological conditions of the historic marsh 
in Northwest Indiana, and to estimate how the region will respond to a range of 
potential environmental conditions in the future.  This scenario modeling tool is being 
                                                
25 See Chapter 4 for a complete description of this process.  
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developed so that land mangers and policymakers could use it to incorporate 
ecological forecasting model outputs into their decision-making process.  Much of 
PalEON’s work thus far has been highly theoretical, in the sense that its primary goal 
is to develop an ecological forecasting model that more adequately captures long-
term and large-scale ecological processes.  The Grand Kankakee River Watershed 
assessment is the notable exception.  This component of the project is taking that 
ostensibly more accurate ecological forecasting modeling tool and applying it to a 
particular landscape, so that the outputs might be used to inform land management 
decisions.  
The statistics working group is the smallest of the three working groups.  It 
includes thirteen members at ten institutions in the U.S., the U.K., and Mexico.  Three 
of the statisticians work at non-academic institutions, including the National Oceanic 
and Atmospheric Administration and the Statistical and Applied Mathematical 
Sciences Institute, an NSF-funded research organization.  
 
Project meetings 
The members of PalEON are geographically dispersed, but convene each year 
for an annual meeting that is scheduled to coincide with the American Geophysical 
Union’s annual meeting, which many PalEON members attend.  The annual meeting 
officially serves as an opportunity to discuss the recent developments in the project 
and to coordinate efforts for the year ahead, but because it is one of the rare occasions 
when many of the project participants are physically co-present, there is also a lot of 
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informal brainstorming in the hallways and over meals.  I attended the annual 
meetings in 2012, 2014, and 2016.   
In addition to the annual business meeting, PalEON hosts a biannual summer 
methods course, Camp PalEON, that trains graduate students and postdoctoral 
scholars in the PalEON method for conducting paleoecological research and 
developing ecological forecasting models.  The summer course is held in the North 
Woods at the Wisconsin/Michigan border.  Members of the leadership team typically 
attend and serve as instructors for the course, but non-leadership team members 
usually do not attend.  Camp PalEON participants learn about each stage of the 
research process, beginning with the collection of tree-rings and lake sediment cores, 
through Bayesian statistical analysis and the integration of historical data, and finally, 
the participants integrate their datasets into an existing ecosystem model and present 
on their findings during the last day of camp.  The course is funded as part of the 
Broader Impacts of the PalEON grants, so participants do not pay to attend.  
It is fairly common for graduate students in the environmental sciences to 
attend short courses like Camp PalEON, because existing graduate training programs 
are not well suited to training students in interdisciplinary methods and techniques.  
This gap in training and education was a concern that was raised many times.  The 
Primary investigators of PalEON do not hold PhDs in paleoecology, but biology, 
statistics, ecology and evolutionary biology, and geology.  Instead of sharing a 
connection through academic disciplinary training, they were united in a shared set of 
goals for their research, which is that they wished to use the methodological tools of 
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paleoecology and Bayesian statistics in order to reduce and clarify uncertainty in 
climate-change related ecosystem modeling. 
 
The project to date 
 The PalEON project has funding to run through June of 2018, and the most 
anticipated aspects of the project have yet to be completed, namely the PalEON PEF 
model runs.  Any applications of model output data, for example, the use of model 
output data in land management decisions or for policymaking are thus at least a few 
years away.  The project has, however, produced a number of academic texts and 
scientific products that are already in circulation.  Mike Dietze, the leader of the 
modeling working group, published a book in 2017 titled Ecological Forecasting that 
outlines the approach used by the PalEON team to develop their ecological 
forecasting model.  Melvin Hooten, a member in the leadership team and in the 
statistics working group, co-authored a book on Bayesian statistical models for 
ecology based on methods that were developed for and used in PalEON.  As of the 
end of 2016, there had been 42 peer-reviewed papers, 113 invited talks, and 41 
posters made from data collected by, analyzed for, or integrated into the PalEON 
project.  The model itself, however, remains a work in progress.  
 The long period of development for ecological forecasting models does not 
align well with the comparatively fast pace of political decision-making.  In the case 
of the Grand Kankakee River Watershed assessment, the application-oriented, 
downscaled version of the PalEON model, the model was not completed in time to be 
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useful for policymakers.  The assessment was designed to serve as a tool that could 
forecast how the terrestrial ecosystem would react to a variety of management 
strategies for the Kankakee River watershed.  A large part of the motivation for 
developing this assessment tool was a decades-long grassroots initiative to gain 
federal conservation status for some of the land.  Ultimately, the land in question 
received federal recognition as a National Fish and Wildlife Refuge in 2016, before 
the assessment tool was completed.  I attended several of the stakeholder meetings 
leading up to the official designation, and, while the model was discussed, the 
primary importance of the model seemed to be the fact that scientists were concerned 
enough about the ecological significance of the region to develop the model.  Any 
potential forecasts or information that may be derived from the model were of 
secondary importance.   
In the chapter that follows, I explore the history and regional context of 
Northwest Indiana, where both Kankakee River and the McLachlan lab are located.  I 
build on the idea that knowledge emerges from specific epistemological contexts to 
argue that the PEF model and the downscaled, locally-focused assessment tool for the 
Grand Kankakee River watershed have been shaped by the socio-ecological context 
of northwestern Indiana.  The region is historically significant for United States 
conservation and ecology and continues to shape the fields to this day.  
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CHAPTER THREE 
NORTHWEST INDIANA -  BIRTHPLACE OF ECOLOGY AND AMERICAN CONSERVATION 
 
On a cool fall day, early on in my fieldwork, I took a trip to the Indiana Dunes 
National Lakeshore with the members of the McLachlan Lab from the University of 
Notre Dame26.  It was the first day of the year that truly felt like fall. I could see my 
breath in the crisp morning air.  The maples were starting to turn, but everything else 
still wore its bright summer green.  The official purpose of this trip was to visit an old 
growth forest and look for gaps.  Gaps are spaces where an otherwise closed-canopy 
forest opens up, often when an old and large tree dies and falls down, possibly from a 
lightning strike or maybe disease or pests.  The gap allows sunlight to reach the forest 
floor with little disruption.  When the space opens up, young maple trees are able to 
take advantage of the sudden increase in light and can quickly fill in the space.  In this 
patch of woods, the older red and white oak trees were being gradually replaced by 
red maples, which are more tolerant of shade than the oak trees, and as a result, there 
were more viable maple seedlings living in the shade of the closed canopy.  The fact 
that we were there to observe this succession did little to disrupt the idea that we were 
in an “old growth” forest, a category that would seem to suggest some sort of stasis 
over time.  However, “old growth” is a complicated landscape category, with multiple 
and even contradictory definitions.  
                                                
26 Throughout this chapter, when “Dunes” is capitalized, I am referring to Indiana 
Dunes National Lakeshore.  
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The newest graduate student in the lab had been tasked with developing a 
model of the process of forest gaps filling in over time.  This smaller piece of the 
larger PalEON Ecological Forecasting model27 would help the PEF model to better 
simulate the dynamics of a forest as the trees age together.  Gaps seem to hold a 
particular significance for ecological modeling because in areas with forests that are 
understood to be late successional28, a gap is the most common disturbance.  The PI 
thought it imperative that the new student see some gaps herself before her modeling 
work began.  So we made the journey out of the lab, through the countryside, over the 
train tracks, across the interstate and down the old highway.  Along the way, we 
passed what appeared to be large, open tracts of land with bulldozers and gravel 
trucks parked on top.  Had we been a few miles further south, it could have been easy 
to mistake the lots for fallow farm fields, and the heavy equipment for farm 
machinery, but this clearly wasn’t an old cornfield.  The answer, I was told, was that 
the sandy soil of the region was being surface-mined and shipped out to places like 
Oklahoma and Pennsylvania to be used in hydraulic fracturing (fracking) operations.  
Jason, the lab PI, joked that “when you think there’s nothing left to take from the land 
they take the sand itself”.  The rest of us in the car laughed, but it felt like an 
uncomfortable truth on this stretch of highway, which was marked largely by out-of-
business gas stations and shuttered small restaurants.  
                                                
27 See chapter 4 for a detailed explanation of the PEF model. 
28 Late successional species are species that are adapted to the specific environmental 
conditions of undisturbed locations, for example, tree species that are adapted to grow 
well in dense shade, which allows the seedlings and saplings to grow under the dense 
canopy of their parents. This creates a feedback cycle that favors the growth of late 
successional species over others.  
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Our destination, a small tourist town on the shores of lake Michigan, stood in 
marked contrast to the surrounding scenery.  This town seemed vibrant, colorful, and 
bustling with activity on this fall morning.  There, tucked in between a middle school, 
a Taco Bell, and a Jeep dealership, was a 30 acre nature preserve prized by area 
conservationists for being one of the last remaining stands of old-growth forest in the 
region.  The forest was able to survive here in part because the eastern edge of the 
southern Lake Michigan lakefront has been a popular destination for recreation for 
over a century.  Thanks to the prevailing winds over Lake Michigan, this corner of 
the lake features towering sand dunes that form a wide beach at the shoreline.  In the 
summertime, the cool lake waters are a welcome respite from the sweltering Midwest 
humidity.  Prior to the advent of air conditioning, wealthy Chicagoans would spend 
the summer in vacation homes along the shore.  Those less well off might take the 
train over for a day trip.  The beach remains well connected to Chicago via the South 
Shore line and the interstate, and much of the area’s economy depends on 
summertime tourism, primarily from the greater Chicago area.  
The dunes on the south shore of Lake Michigan aren’t just a nice place to 
enjoy the outdoors.  Their legacy looms far larger than that.  The charismatic 
landscape of the Indiana dunelands has mobilized scientists, conservationists, and 
outdoors enthusiasts for well over a century.  The dunes themselves, the very material 
form that the dunes take, enables a certain telling of history that has been instrumental 
in American ecological theory.  
 
  77 
“Birthplace of Ecology”  
One of the refrains I heard, over and over again, when I told people that I was 
in Indiana to research the development and use of ecological forecasting models, was 
that Northwest Indiana was “The Birthplace of Ecology”.  This motto was proudly 
displayed over the entrance to at least one nature center, but when talking to people, it 
was almost always prefaced with “You wouldn’t believe it today, but this place was 
the birthplace of ecology!”  It’s true that it is not the first thing that comes to mind 
when visiting the area today.  The region lies at the intersection of the sprawl of the 
Chicago exurbs and the seemingly endless cornfields of central Indiana.  It is 
crisscrossed by train tracks, and bustling interstates, and its lakefront is dominated by 
the Port of Indiana, where large lake freighters deliver iron ore and coal to steel plants 
on the shoreline.  It is also true that the Indiana Dunes made a unique contribution to 
the history of American ecology.  The dunes and the hollows between them are 
successional, meaning that the dunes closest to the water are youngest and they are 
progressively older moving away from the shore.  The soil and species composition 
of each dune varies slightly, and it was this variation that was the focus of Henry 
Chandler Cowles’s 1898 doctoral dissertation.  Henry Chandler Cowles was trained 
as a plant taxonomist, but he has come to be known as one of the earliest American 
ecologists.  By focusing on how the species composition changed with the age of the 
land formation they occupied, Cowles’s research foregrounded temporality in ecology 
and lay the groundwork for future studies in ecological succession and equilibrium.  
Prior to his contributions, the field of ecology had primarily been concerned with 
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natural history and classification of species.  Cowles, who was a professor at the 
University of Chicago, and his students focused on plant communities’ 
transformation over time.  This way of looking at the environment was known as 
“dynamic” ecology in the early 20th century (Cooper 1935) but the name was 
eventually dropped as its foundational tenets became a part of mainstream ecology.  
Effectively all ecology today could be considered “dynamic ecology”.  
The dunes of Lake Michigan were formed after the retreat of the glaciers 
about 14,000 years ago.  As the massive Laurentide ice sheet retreated, Lake 
Michigan gradually took its current form.  Water levels fluctuated dramatically during 
this time period, and as a result ancient beaches and dunes can be seen at several 
different points, all well above the current lake level (Olson 1958).  For centuries, the 
prevailing westerly winds have swept across the open water, rapidly picking up sand 
upon reaching the shore, only to just as quickly start to drop that sand once the winds 
encounter obstacles, typically vegetation.  Over time the sand piles up, forming a 
dune, but at the same time that dune is being pushed inland, allowing a newer dune to 
begin to form closer to the shoreline.  As a result, the southern Lake Michigan 
shoreline is marked by a series of dunes that appear in the order that they formed, 
with the oldest dune, the 12,000-year-old Glenwood dune, several miles from where 
Lake Michigan currently sits.  
Cowles saw in these dunes the opportunity to test his emergent theory of 
dynamic ecology.  He sought to discover the laws that determined the succession of 
plant communities.  Cowles thought the dunes were an ideal natural laboratory for 
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this inquiry because of the absence of preexisting vegetation on newly formed dunes 
and because he presumed that the physical conditions that created the dunes had 
remained relatively stable over time.  Following the dunes away from the lake could 
be thought of as analogous to moving through time, or in other words, the furthest 
dune back demonstrates what the youngest dune right now will look like in 12,000 
years time.  This technique of substituting space for time became an important tool 
for ecologists who wish to study temporal changes over centuries or millennia 
(Walker et al. 2010).  Linking time and space on the landscape in this way is not just 
useful for scientific analysis, but also for the expansion of bureaucratic control of the 
landscape through the state’s use of scientific ecological knowledge (Fairhead and 
Leach 2000). 
Recreating one of Cowles’s hikes through the dunes was an annual tradition 
for the McLachlan Lab.  The route we followed traced in reverse the description that 
Cowles wrote of the dunes in his dissertation.  As we walked, Jason, the PI of the lab 
identified the different species and talked about the role that moisture levels and soil 
development played in determining the range of plant communities.  We started away 
from the shore, in established dunes that date back to about 8,000 years ago.  Here the 
dunes resemble rolling hills more than sand dunes, and in most places the sand is 
almost completely camouflaged under a layer of soil, leaf litter, and understory plants 
like cinnamon ferns and poison ivy.  In the older, more established dunes, maple and 
beech forest provided ample shade, and inside the canopy the air felt cool and damp.  
The low spots between the dunes were swampy with standing water, and the 
  80 
meandering trail largely avoided the lowest-lying areas, just as it also avoided the 
peaks and ridgelines, which were prone to collapsing due to erosion.  As we walked 
closer to the water the landscape became visibly drier.  The canopy started to feel 
more open as oak trees became more predominant, and it became much more clear 
that we were walking on sand, as the trail became unstable on the steeper slopes and 
had the effect of sliding backwards half a step for each step forward.  In coming to the 
dunes and walking through them from oldest to youngest, we were effectively 
reproducing the space-for-time substitution that Cowles had written about, and as we 
walked, it was easy to see the gradually shifting landscape as the distinct communities 
he had written about.  
Jason talked almost the entire time we walked, both about the plants and the 
communities they inhabited, but also about history of scientific research on the 
Dunes, about Cowles and his students, and how the dunes were integral to the 
development of the theories of ecological succession that the lab’s students now took 
for granted.  The field trip was also part history lesson.  Jason had a keen eye to 
thinking about the social and political context of scientific knowledge production.  He 
wanted the students to learn, implicitly, that the process and experience of learning to 
understand the landscape was just as important as the data they collected.  As I argued 
in chapter 2, time spent outdoors was seen as a necessary part of cultivating the 
embodied understanding of the ecosystems that is a necessary skill for all ecosystem 
modelers.  Lab field trips allowed students to experience landscapes that were not a 
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part of their own research projects, and helped to expand the range of spaces they 
were familiar with.  
As we approached the lake, the oak forest gave way to pine tries, which thrive 
in the much drier conditions of the sandiest dunes that have little soil built up yet.  
The last ridge of pine-covered dune was also the highest and the steepest dune we had 
climbed that morning.  From the top of the ridgeline, we had an expansive view of the 
shimmering blue water of Lake Michigan, which disappeared into an infinite horizon 
to the North.  To our west, the skyscrapers of the Chicago skyline glimmered in the 
late summer sun.  The steep, shore-facing slope of the dune had no trees, just a few 
spikey strands of Marram grass.  Jason launched into an explanation about how 
Marram grass has adapted to the exposed, windy environment of these lake front 
dunes, but the lecture ended abruptly.  Myhan, the canine companion of one of the 
lab’s graduate students, decided that she could no longer resist the call of the 
lakeshore, and started bounding down the steep sandy slope in clumsy leaps, followed 
first by her owner, but then by the rest of us as Jason shrugged. “I wonder what 
Cowles’s research would have looked like if he had a dog to keep him busy?” he 
joked.  
 
Birthplace of American Conservation 
Not discussed on the field trip was the historical significance of the dunes and 
of Henry Cowles in the history of conservation in the United States.  Cowles and his 
colleagues Victor Shelford and Robert Wolcott founded the Ecological Society of 
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America (ESA), an organization dedicated to the study of relationships between 
living organisms and their environments.  The ESA still exists to this day, as the 
national professional organization for ecological scientists.  Many of the early 
members of the ESA were interested in preservation issues, but the members could 
not agree on the degree of which the society should have a role in activist issues.  
Members who were interested in taking on a more active role in promoting 
preservation formed a separate organization, the Ecologists Union, which was 
initially interested in protecting lands in the greater Chicago area, including the 
Dunes.  The Ecologists Union, which had always been open to nonscientists who 
were interested in conservation, incorporated as The Nature Conservancy in 1951.  
Once incorporated as The Nature Conservancy, the organization began to 
adopt a model of conservation strategy that they continue to practice – protection 
through private ownership.  This allows them to circumvent the state and associated 
political or financial impediments.  This strategy means that the Nature Conservancy 
and other land trusts (who operate under similar models) fit within a vision of state 
control that presumes robust private property rights.  It also has the effect of bridging 
the political left and the political right, because the conserved land is protected from 
development but it does not become the responsibility of a potentially overreaching 
state.  The Nature Conservancy currently owns about 2 million acres in ownership 
and holds another 3 million acres in conservation easements.  These now impressive 
holdings began with humble roots.  The organization’s first purchase was a 60-acre 
holding along the New York and Connecticut border, known as the Mianus River 
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Gorge.  Shortly after, the organization made it’s first purchase in the Chicagoland 
area; the Volo Bog in Northeastern Illinois.   
The Nature Conservancy opened its Indiana Chapter in 1959, but they did not 
make their first purchase until 1961 when they acquired the Pine Hills site in west-
central Indiana.  The Pine Hills site was purchased using funds that the TNC had 
acquired through donations.  The TNC then later made the preserved land available 
for purchase by the state of Indiana, which in tern designated it as a State Nature 
Preserve.  This process established their current model for operations. In the years 
since, more than 224 state nature preserves have been established in Indiana, and 
many of them were acquired through a similar process of first being purchased by the 
Nature conservancy and then later moving to being publicly held.  The Nature 
Conservancy pre-dates the State of Indiana's Nature Preserves system, which was 
created in 1967 with the passage of the 1967 Nature Preserves Act.  While many of 
the nature preserves are held in public ownership, whether the State (the largest 
holder), county, or municipalities, there are also a number of preserves held in private 
ownership.  Of the private owners of nature preserves, the TNC is the largest 
landowner, with 100,000 acres29 but there are also land trusts and even small 
landholders as well.   
The Nature Preserves Act defines natural areas as places that have "retained or 
re-established its natural character", so it is possible for places that have been 
                                                
29 
https://www.nature.org/ourinitiatives/regions/northamerica/unitedstates/indiana/explo
re/2016-conservation-highlights.xml 
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significantly altered over the years to become a part of the State’s nature preserves 
system as long as there is evidence that some sense of the “natural character” has 
been restored.  I turn to the ideas and the scientific evidence that support the basis of 
this “natural character” and the restorations to it later in this chapter, and 
problematize it further in the chapter that follows. 
There are currently 15 nature preserves in the Northwest Indiana region, a 
denser concentration than other regions of the state, which is nut surprising given the 
ecological significance of the region, but it is surprising to those who only know of 
the industrial and agricultural histories.  These competing and seemingly 
contradictory histories are precisely why conservation in this region is so compelling.  
William Cronon (1991) and Richard White (1995) write about the ways in which our 
modern conceptualizations of nature cannot be separated from our modern industrial 
society.  In The Organic Machine, Richard White makes the argument that human 
history cannot be understood separately from natural history.  The book focuses on 
energy and work, which he sees as a meeting point for humans and nonhumans, in 
that both do work and that humans can intimately know nature through work.  He 
later expands this argument to claim that environmentalism’s lack of engagement 
with work undermines credibility of the movement and exaggerates the boundaries 
between humans nature (1996).  White hopes that the recognition of connections 
between human labor and nature’s labor will allow people to see the environment, 
and thus environmental concerns, as things to be concerned about full-time, not only 
when one seeks recreation or leisure.  The implication of this extended argument is a 
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call for an environmentalism that focuses on how humans and nature can (or rather, 
must) co-exist.  Cronon has similarly explored economic connections to the 
environment, specifically in tracing how the economic development of Chicago was 
made possible in the way that it consolidated the wealth of its hinterlands.  There is 
perhaps no more visible example of the interconnectedness of modern industry and 
modern environmental protection initiatives than NWI, where the Indiana Dunes 
National Lakeshore is adjacent to an industrial harbor, two steel plants, and a 300-
acre coal-burning power plant.   
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National Lakeshore 
Cowles advocated on behalf of the preservation of the dunes and worked to 
try to establish the dunes on the Lake Michigan lakeshore a part of the National Park 
system after its founding in 1916.  Unfortunately for Cowles and his beloved dunes, 
Figure 1 - view of the Bailly coal plant from the Indiana Dunes National Lakeshore 
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the dune sand was being mined for the production of glass and to level the marshy 
land to the west of the dunes where industrial plants, especially those associated with 
the steel industry, were rapidly expanding.  When the U.S. entered into World War I, 
the needs of industry politically trumped conservation.  Efforts to protect the dunes 
were put on hold, while industry was encouraged to expand.  Part of the land was 
protected from further industrial development with the formation of the Indiana 
Dunes State Park in 1925, but it wasn’t until 1968 that a comprehensive protection 
plan was realized.  Incorporation into the National Park Service as the Indiana Dunes 
National Lakeshore meant that the dunes would finally be recognized for their 
ecological significance, but the bill that proposed the protection of the dunes also 
included a mandate for the development of the Port of Indiana and allowed 
Bethlehem Steel to build a new plant on dunes land.  The designation represented a 
partial victory for environmentalists.  Harold Mayer, then a doctoral student at the 
University of Chicago, wrote at the time that a partial victory was “the best that could 
be expected” (1964, p. 522) in the fight against the industrialization of the south Lake 
Michigan shoreline.  
The World War II era saw Gary, Indiana become one of the nation’s most 
polluted cities, but by the late 1950’s, Gary residents were concerned about the toxic 
byproducts of the steel industry.  This burgeoning environmental movement was part 
of broader efforts for social justice that were driven by working-class white and 
African Americans (Hurley 1995).  Environmental activists from Gary collaborated 
with wealthy residents of the greater Chicago suburbs to promote the conservation 
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and preservation of the Northwest Indiana Shoreline, including the dunes and the 
surrounding forests.  For Gary residents concerned about their toxic surroundings, the 
Dunes provided a charismatic landscape around which people’s concerns could be 
mobilized. 
When I accompanied the McLachlan lab on their field trip to the Dunes, we 
drove back on county roads through land that was primarily agricultural. Every once 
in awhile there would be an empty lot with bulldozer cuts into the side of a small 
uprising in the land.  These too were sand dunes, the oldest ones, reaching far beyond 
the lakeshore.  The sand dunes extend much further south than people realize, 
because these furthest out dunes have been home to stable vegetation for thousands of 
years.  They appear to be low rolling hills to the untrained eye.  Most of these oldest 
sand dunes were already farmland and residential neighborhoods before the efforts to 
protect the lakeshore began, and they largely escaped mining in the early twentieth 
century.  The relative difficulty of extracting it from underneath vegetation, combined 
with a lack of regulations, made the sand by the shore much more attractive to 
industry.  In recent years, as the cost of oil has made unconventional extraction 
methods, like hydraulic fracturing (aka fracking) more lucrative the sands around the 
shores of Lake Michigan are again being mined.  The fracking of these ancient dunes 
calls attention to the fact that conservation efforts in the land south of the dunes have 
historically been far less successful than even the moderate, compromise successes of 
the Indiana Dunes National Lakeshore. 
 
  89 
Outside the park 
 Northwest Indiana was bookended by two major impediments to farming and 
settling: the Dunes to the north and the Great Marsh to the south.  As a result, it was 
one of the last places in the state to be populated by Euro-American settlers.  For this 
reason, Northwestern Indiana beyond the lakeshore was long called "Indiana's last 
frontier".  When it did, the population spread from north to south, outwards from 
Chicago, and that pattern persists to this day.  The lakeshore area, around Gary and 
Hammond and the Indiana Dunes National Lakeshore is relatively densely populated 
– effectively outer suburbs of Chicago, but moving southeast the land quickly 
becomes much more rural. 
The region known as Northwest Indiana roughly maps onto geographic 
markers on the landscape that date back to the retreat of the last glaciation.  The 
southern border of Lake, Porter, and LaPorte counties is the Kankakee river, which 
lies in a broad, flat outwash plain that begins just south of the Michigan border near 
what is now South Bend, Indiana.  This sandy plain carried the water, gravel and sand 
from the melting glacier across what would become Indiana, into Illinois, and 
eventually to the Mississippi.  There is little elevation change across the outwash 
plain, and despite the high concentration of sand, the soil drains poorly.  As a result, 
the Grand Kankakee Marsh was once one of the largest wetlands in North America.  
The Grand Kankakee Marsh was over half a million acres of marsh, swamp and 
islands of black oak prairie.  The course from its headwaters to its terminus is just shy 
of 100 miles, but with the meanders the river’s course was closer to 250.  Before 
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drainage efforts were initiated about a century ago, the swamp was so vast it earned 
the moniker “Everglades of the North”.  
The marsh was a popular destination for hunters and trappers from the earliest 
days of Euro-American settlement through the early 20th century.  Much of the game 
went straight to the burgeoning metropolis of Chicago, less than 100 miles away.  
Demand for agricultural goods in the greater Chicago area was booming at the turn of 
the century.  Thanks to recurrent flooding, the soil surrounding the river was rich in 
organic matter and highly fertile.  Local landowners were in favor of draining the 
marsh so that the land could be more reliably planted.  In 1849 and 1850, passage of 
two federal Swamp Land Acts provided impetus for draining the great marsh.  The 
federal government transferred title of submerged land to states, provided that the 
states would then drain that land and put it to productive agricultural use.  Many 
states took part in the initiative, but the most extensive drainage of wetlands occurred 
in Illinois, Indiana, Iowa and Ohio (McCorvie and Lant 1993).  An estimated 97% of 
the wetlands present in Indiana at the time of Euroamerican settlement were drained 
by the mid-twentieth century (ibid).  Efforts to remove the excess water from the 
Grand Kankakee began in 1852, with the passage of the Drainage Act, which made it 
so that proceeds generated through the sale of state-owned marshland would be held 
in county-administered funds and used toward wetland drainage projects.  Initial 
efforts were largely unsuccessful, both because of rampant political corruption and 
because of technical challenges (Greenberg 2002).  One of the first successful 
attempts to drain the wetlands occurred in 1873, when a private landowner drained 
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Beaver Lake, a 36,000 acre lake that lay to the south of the river in Newton County.  
Roughly a third of the former lake was put to use for a cattle and hog production.  
Tens of thousands of animals were shipped directly to Chicago from the former 
lakebed, which was later established as the town of Conrad.    
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Figure 2 - the ditch that drained Beaver Lake 
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With the successful draining of Beaver Lake in 1873, the state of Indiana 
faced increased public pressure to drain more of the wetland.  Landowners and state 
officials alike were hoping to reap financial benefits from timber sales and 
agricultural production.  Channelization of the Kankakee river began in 1896. 
Starting at the headwaters just outside of South Bend, the river was slowly 
straightened with a series of ditches.  Because Channelization speeds the flow of 
water, the ditches had the effect of increasing the risk of flooding downstream.  The 
more the river was straightened and the less the upriver portions retained wetland 
characteristics, the more water there was in downstream areas, and thus more political 
pressure to continue to extend ditching and straightening efforts.  The rush to 
straighten and ditch came to an end at the state line.  Indiana and Illinois have rarely 
been able to agree about the best course of action regarding the Kankakee river and 
its wetlands.  Local legend holds that the ditch diggers were met at the state line by 
angry protesters yielding pitchforks (Greenberg 2002), but other sources told me that 
Illinois held off on channeling and ditching the river because of budgetary shortfalls.  
Regardless of the initial reason, the Kankakee never was ditched on the Illinois side, 
so to this day, the two sides of the river stand in sharp contrast.  On one side, the river 
cuts an eerily straight line to the horizon, on the other, it quickly meanders out of 
sight.  
As early as 1921 there were calls to restore the river (Westville Indicator 
1921).  The Indiana Department of Conservation was established in 1919, and shortly 
after it’s creation, it began to acquire chunks of the former wetlands to create refuges.  
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The land was, at best, marginal for agriculture, and so the creation of ecological 
refuges helped placate both concerns about the destruction of the former river as 
habitat, and its failure to generate benefits for the state.  Restoration advocates were 
eager for the old meanders to return; some for aesthetic reasons, others because the 
conversion to agricultural land failed to yield the promised financial windfall for the 
state of Indiana.  Once the marshy soil was drained, the organic matter quickly 
oxidized and turned to dust, which blew away, dramatically reducing the fertility of 
the soils.  The ditches that diverted the water required constant maintenance.  Without 
it, they quickly filled with silt and weeds that would halt the flow of water.  Levees 
were constructed along the length of the Indiana portion of the Kankakee, but have 
never been particularly successful.   Early spring rains regularly left even ditched 
areas flooded (Bridges 1935).   
The areas that lie downstream of the channelized portions of the river, were 
particularly susceptible to flooding.  Because the channelization stopped at the state 
line, the floodwaters and silt became Illinois’ problem.  The sediment issues became 
so heated that one farmer I spoke with recalled arming himself with a baseball bat to 
attend river strategy meetings in the 1970s.  Downstream flooding and silting remains 
a matter of interstate debate.  During my fieldwork I attended several planning 
meeting that included stakeholders from both sides of the state line.  Such meetings 
were invariably held on weekday evenings in church basements or library community 
rooms.  Community members would show up after work, men wearing Carhartt 
jackets and faded jeans and women in scrubs or business-casual office wear.  We 
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would sit on folding chairs balancing small plates of cookies and Styrofoam cups of 
coffee and listen to bureaucrats from Indiana and Illinois state agencies and scientists 
from Notre Dame or Purdue, all of whom would rehearse similar explanations about 
why the Kankakee River was so remarkably efficient at moving sand from its 
headwaters in Southwestern Michigan to its floodplains in Illinois.  Not once did I 
witness anything approaching animosity between residents of the two states, nor, for 
that matter, could I distinguish Hoosiers from Illinoisans without looking at the 
license plates in the parking lot. 
 
the great marsh today 
Driving around the area today, there is little to indicate what it had once been.  
Indeed, Tammy, the head scientists on the Grand Kankakee River watershed 
assessment model, listed public awareness of the old marsh as one of the reasons why 
she was motivated to develop the model.  Tammy’s interest in the region and her 
imaginations of her future come from growing up on the banks of the Kankakee and  
those imaginations include a sense of loss, a sense that something great was taken 
from the area.  That sense inhabits the model she builds : 
[The Kankakee] is my backyard.  I grew up in Porter County and I never knew 
[that the wetland existed].  I swam in the ditches and fished… I didn’t know 
there was a great marsh where I was living. I had no idea.  It wasn’t in any 
history book, not in Indiana history or US History.  No one said anything 
about it. Nobody knows about the history.  I think we need to inform Hoosiers 
of their natural history that existed here and no longer exists.  The only way to 
get a national wildlife refuge or any kind of restoration is for people to be like 
“hey! We had this and it was taken away from us’.  
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Tammy was one of the scientists who would go to community meetings about 
river restorations, flood mitigation, and erosion issues.  She would present 
preliminary model outputs to illustrate her main points, which were primarily that the 
flooding and sediment issues experienced by residents of the Kankakee watershed 
occurred because the area had once been a wetland, a wetland that, in her mind, was 
worth of national recognition and regional pride.  She wanted area residents to 
understand that the ubiquitous drainage ditches of this region were evidence of the 
old marsh.  Water management infrastructure is so commonplace in the agricultural 
regions of Northwest Indiana that it easily blurs into a background of agricultural 
equipment. Careful attention to the landscape could reveal other, more subtle traces of 
the old marsh, and once one paid attention to them, the spectral presence of the 
former wetland could be seen almost everywhere.   
In other parts of the state and the Midwest, drainage ditches drain.  Unless 
there has been a recent storm, they are not usually filled to capacity with water, but in 
the low-lying land adjacent to the Kankakee river, the ditches were often stagnant and 
full.  They looked like moats, surrounding and protecting the plots of land inside them 
(see figure 8).  In other places, the land remained wet and muddy, squishy to walk on, 
despite the presence of drainage ditches.  When drainage devices failed in agricultural 
fields, it causes stunting of crops, and sometimes the complete failure of the crops 
that are planted there.  The summer of 2014, when I joined Kelly in conducting her 
PLS reconstruction fieldwork in Northwest Indiana, was a cold and wet summer.  I 
had been warned that the ground would be muddy or even swampy in some of the 
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conservation land areas, and we occasionally encountered agricultural fields that 
couldn’t dry out in the cool, wet conditions (figure 9 shows corn stunted by the 
effects of a high water table).  
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Figure 3 - standing water in a drainage ditch on conservation land 
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Figure 4 - stunted corn in a field with standing water 
 
I spent some time collecting oral histories from area residents who were 
interested in the Grand Kankakee River and its antecedent marsh.  I did so because I 
wanted to offer a counterpoint to the PalEON project history of the region; an 
alternative landscape history that might exist outside a secular framing of the value of 
nature.  What I found, however, was that everyone I talked to presented the story of 
the marsh and its draining as occurring in parallel with, and because of, the same 
forces that shaped the region’s economic history.  For the folks I talked to, the story 
of the Kankakee Marsh, the story of U.S. Steel production, and indeed it seemed the 
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story of Northwest Indiana, was a story of economic boom at the cost of the 
environment, and then a terrific bust that left the economy and the environment in 
ruins30.  This story was narrated as one of tremendous and often personal loss, as if 
the implementation of drainage infrastructure was directly imbricated in the economic 
hardships of the area.  
Virtually everyone I talked to about the wetlands began by telling me about 
how they came to learn of the marsh.  Most didn't know about it until they were 
adults, even though they had spent their entire lives in the area.  Much of the 
information about the history of the river is shared person to person, in conversation  
There were a few books written about the draining of the wetlands in the early 
twentieth century, but very little was published after 1950.  The history has not been 
taught in schools, so far as anyone could recall.  Several people I spoke to speculated 
that this was because of the opposition to the drainage back in the day, while others 
argued that the silence was due to the utterly unremarkable nature of the event.  
Draining wetlands to create farmland was simply what was done back then.  People I 
spoke with told me that they knew that the Kankakee river had been ditched and 
straightened, but in an area so full of drainage ditches, that fact alone is utterly 
unremarkable.  When recounting their personal discovery of the marsh, some spoke 
                                                
30 When arrived in Indiana in 2014, I encountered tremendous frustration about then-
Governor Mike Pence from people on both the left and the right sides of the political 
spectrum. Most were frustrated by poor economic recovery from the recession, a 
failure to address HIV outbreaks that were making national headlines, and his signing 
of Indiana SB 101, known as the Religious Freedom Restoration Act, which protects 
businesses from anti-discrimination lawsuits if they refused services to LGBT 
customers.  
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with a sense of wonder, others with sadness akin to a personal loss.  In my time in the 
region, I met a number of people whose love for the river had become a driving 
passion. 
Patty was one of my most engaging interlocutors.  A former steelworker-
turned union leader-turned documentary filmmaker, Patty grew up on the Southside 
of Chicago and witnessed firsthand the economic and ecological hardships of the 
region.  We first met at her house in a neighborhood of Northwest Indiana that was 
part suburb, part cornfield.  Her house was adjacent to a large, open, weedy prairie-
like field.  Children's toys were scattered around the yard, her grandchildren's, and 
inside was cozy and smelled of coffee and baked goods.  Patty and I met to talk about 
her work as a documentary filmmaker - she had created a film on the history of the 
Grand Kankakee Marsh, titled Everglades of the North, that had premiered on PBS a 
few years prior.  Like so many people I talked to about the region, she learned about 
the wetland as an adult, despite having lived in the area her entire life and having 
grown up in the "bayous and ditches" that remain.  The history of the river came to 
her through a friend she met in college, which she attended in middle age.  That 
friend told her about the history of the drainage and about how much the area has 
been changed, and suggested that they might work together to tell the story.  These 
days, Patty knows more about the regional history than just about anyone.  Perhaps 
because of her time spent working as a laborer in the steel mills, or her deep working-
class family ties in the area (her husband still works in a mill), combined with her 
later work in the arts, she is able to serve as a bridge between groups of people who 
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would ordinarily be reticent to speak to one another: linking farmers and laborers 
with conservation activists, scientists, and land managers.  Her newfound passion for 
telling stories about the region's ecology and environmental history is tempered by 
her experience in labor:  
I saw the devastation after that, what happened when the mills went down, 
what happened with the loss of jobs.  I spent ten years trying to help people 
find jobs in those neighborhoods.  I saw people commit suicide because they 
didn't have jobs.  So I saw both the economic aspects of what happens if those 
mills are not there and I didn't know too much about the environmental aspect 
back then.  
 
She went on to explain that one of the things that motivates her environmental 
filmmaking is a desire to try to understand how to balance what she sees as two 
disparate elements of life in the Northwest Indiana region:  
Now that I'm learning about it and trying to piece this story together... how do 
you connect all of these pieces?  How do you connect Tony who came from 
Serbia to work in the steel mills with the environment? ...because you have 
this area called the birthplace of ecology, the science of ecology was started 
here through Henry Chandler Cowles, and then you have some of the heaviest 
industry, some of the largest industrial players in the world. 
 
Patty’s sense of disconnect between the Indiana she knew as a steel worker 
and the Indiana she knew as a nature-lover seems to reflect a broader debate within 
the region about how to balance the wild and the built environment.  The battle 
between industrialization and the environment structures political imaginations.  The 
(drained, ditched, and highly managed) Kankakee River was often pulled into the 
center of this debate, as the ongoing technical mediations of the river’s wildness 
forces stakeholders, including landowners, land managers, politicians, hunters, 
  103 
farmers, and residents, to name a few, to articulate and confront competing visions of 
what the area could or should be.  
 
Public protection for the Kankakee 
In the mid-1990s the U.S. Army Corps of Engineers conducted a multi-year 
study on the Kankakee.  The report explored options for flood control, ecological 
restoration and protection, and the development of recreational activities in the 
watershed, and it concluded with a proposal for a U.S. Fish and Wildlife refuge in the 
upper Kankakee basin.  Congress voted against the idea in 1998 despite the positive 
environmental impact report. At the time, the river and its restoration were deeply 
mired in local politics.  A number of people that I spoke with in the Northwest 
Indiana region recalled that, at the time, debates about the proposed wildlife refuge 
were so heated that it bordered on violent conflict.  Newspaper articles from the late 
1990s describe the frustration of residents who didn’t want state and federal agencies 
controlling more land in their neighborhoods (Csepiga 1999, Harvey 2000).  Others 
likened the prospective federal control of the land to “Big Brother” moving in on 
them (Northwest Indiana Times Staff 1999).  While I was unable to find archival 
evidence of the refuge conflict coming to fisticuffs, opposition to the refuge was 
primarily done by a coalition called the Kankakee River Property Rights Task Force 
(Husar 1998).  The task force included members who believed that the U.S. Fish and 
Wildlife Service would hand over control of the refuge to the United Nations (ibid).  
Despite the conspiracy theories, the task force was able to build a coalition that 
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included area churches, many local farmers, and Evan Bayh, who was the Democratic 
Governor of Indiana at the time.  According to Dan Plath, the Resource Chief for the 
Indiana Dunes National Lakeshore, and Tammy Patterson, the ecological modeler 
who was the head of the Grand Kankakee Marsh watershed assessment tool, the 
coalition objected on several grounds.  There was concern that the process of 
restoring the refuge area to wetland would cause area farms to flood.  Others were 
upset that the federal government was proposing buying properties from local 
landowners.  Recognizing correctly that the establishment of the Wildlife refuge 
would convert privately owned land (held by the Nature Conservancy and small local 
land trusts) to government owned and controlled property, opponents of the refuge 
feared that the purchases might begin as transactions from willing sellers, but that the 
government might begin seizing properties through eminent domain or other, 
unspecified forces (Kruse 2001).   
John Hodson, President and Founder of the Kankakee Valley Historical 
Society told me "the way the project was presented in the 1990s was more 
adversarial.  That didn't help. It was like ‘we're going to do this, doesn't matter what 
you think’".  This approach did little to assuage fears that the federal government was 
using conservation as a premise to seize land and consolidate control, nor did it ease 
the farmer’s concerns that the environmentalists were vilifying them.  According to 
John (but with no coverage in area newspapers), local farmers physically blocked one 
conservation planning meeting by boarding up the doors of the church it was to be 
held at and prevented people from entering.  
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Renewed efforts to restore the wetlands and set aside land for conservation 
were successful in 2015.  Working together, the Upper Midwest and Great Lakes and 
Eastern Tallgrass Prairie and Big Rivers Landscape Conservation Cooperatives 
(LCCs) have built momentum around establishing federal protection for the 
watershed.  These organizations are not land trusts, so they operate on a different 
model than The Nature Conservancy and other conservation organizations that serve 
the area.  Instead, they primarily serve as a conduit to connect nonprofit 
organizations, government agencies and academic researchers to coordinate research 
and political outreach activities.  As part of their mission, the LCCs have worked with 
land trusts to purchase pieces of land in the watershed, mostly from people eager to 
get out of the farming business.  As soon as the tile drainage is removed, the water 
comes back.  Sections of the land have been restored to wet prairie by private groups 
like The Nature Conservancy and Ducks Unlimited, government organizations such 
as the Departments of Natural Resources and the Fish and Wildlife Service, and 
several local landowners are involved as well.  Thanks to Wetland Restoration Grants 
that pay farmers to restore portions of their landholdings to wet prairie, the more 
marginal cropland is far more valuable under wet prairie than it is under corn. 
Organizations like Ducks Unlimited, the Nature Conservancy, and the Field Museum 
have engaged in public education and outreach about the importance of wetlands for 
the environment and for desirable ecosystems, such as habitats for duck and deer 
hunting.  As local residents are encountering conservation projects their 
understanding of what the area is, was, and could be is changing.  The narratives 
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presented by modelers like Tammy are appeals to long-term histories, and they shift 
people’s sense of what the past was like.  Through media like Tammy’s model 
outputs and Patty’s documentary, the area residents are brought into a more 
homogenized history of the landscape and the anthropogenic modifications to it. As 
Patty’s producer told me: 
You don't think that Northwest Indiana would have a unique landscape, but it 
actually does, and people are starting to realize that, and all these restoration 
efforts are starting to take place.  It surprised me, because I live in Chicago 
and I don't really think about Northwest Indiana. Where I grew up was in the 
Kankakee watershed, but in Illinois, and one thing that struck me [as an adult, 
learning about environmental issues] was how manufactured the landscape is.  
Even when you don't even think about it, you know, you'll see a cornfield and 
think 'there's a cornfield' but really, there was most likely in the spring it was a 
mostly submerged prairie... and then you see these ditches and you realize a 
tremendous amount of work went into making those fields arable. 
  
 Patty, who herself identifies as both an environmental activist and as a laid-off 
steelworker, was optimistic about the role that partnerships can play in conservation 
and environmental restoration in the area:  
They've learned, through all these years of battling, that sometimes they can 
actually work together.  One side has learned to see the other side's position. 
The environmentalists have learned that there's also the economy... jobs and 
people, and the jobs have learned that there's also an environment.  They can't 
just dump pollution all over the place.  So, by learning that they're working 
towards making a better quality of life for everyone.  That's what I think is so 
cool about this region.  It came from total opposites that battled each other to 
the point that they went to another state and found another senator to come in 
here to the point where now they're actually talking and communicating and 
solving problems.  And! cleaning up!  The Grand Calumet was one of the 
most polluted rivers in the country and now they're talking about the end of 
cleanup.  It's amazing.  
 
Instead of protecting something that is already pristine, the conservation 
efforts being promoted in the region are explicitly about improvement for the future.  
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The grand old marsh is a guide, a tool that can be taken into consideration for 
planning purposes, but there is no expectation that the river will be returned to a pre-
settlement state.  For one, collaborations with area farmers ensure that there will 
continue to be agricultural production in the watershed, especially in the upland areas.  
There have already been thousands of acres in the Kankakee watershed that have 
been allowed to return to wet prairie.  These spaces exist alongside cornfields and 
freight trains, smokestacks and slag piles.  This is still a working landscape, even if 
the nature of that work is in transition.  Proponents of restoration project claim the 
expanded wetlands in Northwest Indiana would provide productive hunting grounds, 
would reduce the amount of fertilizers that flow downstream and contribute to the 
Gulf hypoxic zone, and would establish important habitat for grassland and wetland 
species.  The restoration project represents an opportunity for renewed pride and 
purpose (mixed with some skepticism) in a region struggling with deindustrialization 
and the toxic legacy of the steel industry.  As Tammy told me: 
The Dunes are the weirdest park I’ve ever seen.  Usually parks bring in people 
and money to the community but there is nothing around that park except 
truck stops and strip clubs.  There are no amenities.  No bed and breakfasts, no 
restaurants, the towns aren’t... there could be lots of money for Northwest 
Indiana, you know?  It’s a national park.  There’s lots of acres of hiking and 
some campgrounds, but there’s nothing else. It’s not welcoming because 
there’s a steel mill in the middle of it.  So [there’s a] mission is to revision the 
park as a playground for Chicago people… Maybe we can find some common 
ground, and hopefully [the Grand Kankakee Marsh assessment tool] will help 
do that.  
 
In 2016 the Kankakee National Fish and Wildlife Refuge was finally 
established, though, as I explained in chapter three, the assessment tool had yet to be 
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completed at that time.  It remains to be seen whether or not the establishment of the 
Refuge will bring an economic revitalization to the community.  
 
forecasting the future Kankakee 
The Grand Kankakee Marsh watershed assessment tool incorporates regional 
paleoecological and historic data derived from the PalEON project and was intended 
to be used as a tool for forecasting the impacts of a variety of different land use plans 
for the region.  Conservation planners were especially interested in the potential that 
the model held for forecasting the effects of turning parts of the Kankakee watershed 
into a National Fish and Wildlife Refuge.  Paleoecological and historical data inform 
the model to show what the landscape looked like before it was drained and how the 
vegetation responded to rapid change in the past.  The dynamic model includes 
surface and ground water flows, and has been calibrated with historic data and stream 
flow data.  In an area that was so recently a wetland, these are the primary concerns, 
and effectively modeling these elements allows the researchers to couple secondary 
models that can be helpful for forecasting a variety of other facets of the landscape.  
One secondary model was of waterfowl habitat, which was requested by the nonprofit 
organization Ducks Unlimited.  The waterfowl habitat portion of the model could 
show how waterfowl habitat would change under different land use regimes, 
including expanding conservation areas or returning some of that land to wetland.  
For organizations involved in land management, such as Ducks Unlimited, the model 
serves as a tool for empirical storytelling.  Through the model, land managers can 
  109 
develop narratives of what the landscape might look like if history had been done 
differently.  The narratives they craft out of the model output data are charismatic – 
people can be rallied around statements like ‘if the Kankakee drainage were to be 
undone, we would have X number of ducks per year’.  The charismatic energy of the 
model outputs fosters support for proposals that would benefit waterfowl, and in turn, 
the hunters and birdwatchers who appreciate them.   
Another secondary model is climate change projections, which forecasts the 
future of the region under different climate change and land use scenarios.  Other 
coupled models included hunting, recreation, and agriculture, and Chicago 
Wilderness’s “green infrastructure” initiative.  Chicago Wilderness, an alliance of 
over 200 public, private and non-government entities, launched the initiative to 
increase biodiversity by connecting protected areas throughout the Southern Lake 
Michigan basin, including throughout the Kankakee watershed.  The goal of the 
coupled models is to build epistemic alliances among these disparate publics around 
plausible and desirable futures.  Working together to construct models focuses and 
limits imaginations of the future, which is necessary to build consensus.    
 One of the biggest questions about the Kankakee basin, is what would happen 
if the wetlands were restored.  The model provided a way to experiment with 
restoring wet prairie conditions to different areas, as if different conservation 
strategies were enacted.  Paleoecological and historic data were included in the model 
because stakeholders were interested in the characterizations offered by historic 
baselines.  According to Tammy, advocates of expanding protected and reconstructed 
  110 
areas wanted to be able to point to the historic and ancient data and make claims like 
“’ok, we’ve restored 30k acres and that’s double the acres currently in the watershed’ 
and that sounds great, but when we look at it historically, that’s less than 1% of the 
wetlands in the watershed.” They felt that the historical perspective changes the way 
people felt about restoration efforts.  
It is true; Northwestern Indiana does not bring to mind a nature lover's 
paradise.  In fact, in the words of one Chicago-based nature lover "Northwest Indiana 
is where the mobsters went to go dump their bodies.”  Yet there are a surprising 
number of nature preserves, including private, state, and federally protected lands in 
the region.  As was written above, the region played an outsized role in the 
establishment of the fields of American ecology and conservation.  However the 
popular sentiment that the state is deficient in natural areas remains.  Perhaps it is 
because of the expanse and economic importance of heavy industry.  Or perhaps the 
sense of loss runs deeper.  The draining of the great marsh was, without a doubt, a 
massive engineering effort, undertaken primarily so that industrial and agricultural 
development could expand, supporting the tremendous economic growth of the city 
of Chicago.  In the wake of the economic collapse of the steel industry of the region, 
it is quite clear that the costs and benefits of economic development in the area were 
not evenly distributed.  The drainage of the swamp, the loss of a spectacular natural 
resource, and in some people's minds, the kind of natural wonder that could have 
created a national park on the scale of the Florida Everglades, facilitated a twentieth-
century economic boom, but at what cost?  Many of those jobs are now gone, the jobs 
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that remain have been permanently changed and are no longer the lucrative track to 
middle-class life that they once were (Walley 2013).  In it’s wake, a toxic legacy and 
a region that is forever changed.  
 Tammy’s interest in modeling the history and future of the Kankakee emerged 
directly out of her experiences living and working in the area.  She is motivated to 
develop a model that can help inform people and planners who might be able to make 
the kinds of policy changes she wishes to see, but she is quick to distinguish between 
creating models and actively engaging in political work.  “If [federal recognition] 
happens, it would be great, but it’s not my job to make it happen.  My job is to do this 
model and hopefully inform people and get it out to the public and the model can 
support planners who can make it happen.” Ultimately, the Refuge was established 
without the information from the assessment tool, which is not to say that the model 
failed.  The assessment tool portion of the model was productive of generating 
conversations about the potentials available to the Kankakee watershed.  The 
development of the model and the discussions about what ought to be included in it 
built alliances.  The process of articulating plausible and desirable futures was the 
politically actionable part of the model-building process.  The output information, in 
the end, was secondary.   
 Tammy’s distinction between political work and ecological modeling work 
fits into the idea that science is or should be distinct from the political.  Science and 
Technology Studies has long demonstrated that this separation is not possible, nor is 
it desirable.  The pasts and futures articulated by local residents and nature lovers 
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were not so distinct from the expert visions articulated by the scientists working to 
build the PalEON PEF model.  Both groups construct an understanding of the 
landscape through inhabiting it, whether it be through decades of everyday life or 
through planned, temporary excursions into “the field”.  Both the modelers and the 
residents of Northwest Indiana were working through what it means to live in the 
ruins of late capitalism and to try to construct more optimistic futures.  As Tammy’s 
and Patty’s stories show us, the boundaries that construct tidy narratives delineating 
science and politics, modeler and resident, steelworker and environmentalist, are 
blurry and collapse in the lived experience of life in Anthropocene-era Northwest 
Indiana.  In the chapter that follows, I explore the ways in which scientists’ 
subjectivities are created as unwitting participants in, and modelers of, the 
Anthropocene moment.  
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CHAPTER FOUR 
MAKING HISTORIES -  HOW THE PAST AND FUTURE ARE RENDERED VISIBLE 
 
overview 
This chapter is about data collection and model production.  In it, I describe 
and discuss the worlds that are created through processes of quantification and 
computation.  Rather than thinking of the environments, including the past and future 
environments, as entities that are “out there”, pre-formed and pre-determined, I 
consider how they are phenomena that can be processed in any of a number of ways.  
The process of designating and counting and understanding through proxy these 
environments and environmental relations produces digitized versions of the 
environment that are not the whole or the only and are not representative of 
something that has been already determined.  Instead, the process of knowing them 
makes them real in this way, and it is the version of them that can be transported out 
of the lab and into other social spheres.  The model environments configured as 
output data on maps and on charts, are versions of histories that move through the 
world as real things that inform policy and inform management practices.  
In this chapter, I outline what this process looks like.  I describe the events 
and the decisions that allow these environments to be created, first in the fields and 
labs where data is collected and later as the models begin to take shape.  There are 
specific practices and events that allow past environments to be made tangible and 
knowable for the purposes of telling causal stories about past and future worlds.  
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These same events and processes allow future environments to be thought of as things 
that are pre-determined, yet simultaneously configured as multiple through the use of 
ranges of uncertainties.  The purpose of this intervention is not to undermine the 
scientific validity of these processes.  It is, instead, to build toward the concluding 
third of the manuscript.  In chapter 4, I consider some of the ethical positions that the 
construction of these worlds entail.  Recognizing first that these worlds are worlds 
among other possibilities, that they are constantly and already in-formation, opens up 
the potential for justice-oriented interventions.  There is the possibility to engage 
these environments-as-process with an eye to political outcomes.  However the first 
step is to recognize a.) that these environments are processes of computation and 
calculation, and not the only or the direct representation of physical phenomena, and 
b.) to recognize that these processes thus allow people to imagine causal histories 
from material traces.  Modelers feel that model runs are partial, conditional modes of 
knowing the landscape, and knowing the landscape through models is always already 
informed by the phenomenological experience of collecting data of the contemporary 
landscape.  Extensive, first-hand experience with the outdoors cultivates in the 
modelers a deeply embodied and tacit understanding of what different ecosystems 
look like, and that understanding builds imaginations and defines expectations of 
what the landscape could or should look like. 
Here I build on the work of Jennifer Gabrys, who describes "how individuals 
and collectives are individuated gives rise not just to individuals and the 
environments in which they form but also the relations and potential - especially 
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collective potential - expressed across those entities" (p. 10).  In her rich account of 
how sensor technologies allow for programmable environments, Gabrys resists the 
urge to describe sensor technologies as tools that “[detect] preformed environmental 
data as though there is a world of substantialist phenomena to be processed by a 
cognizing device" (p.10) and instead she describes how sensor technologies operate 
as world-making devices.  It is specifically Gabrys’ process-oriented approach that I 
build upon in this chapter.  Focusing on the process of constructing worlds from 
proxy data and through computational models allows me to sidestep the question of 
“what” for long enough to illustrate how the partial and incomplete material 
matterings of these past and future worlds is held together by a rich theoretical 
scaffolding.  In using the term “scaffolding” to refer to the kind of knowledge-making 
work that models enable, I am building on the work of Paul Edwards, who argues in 
A Vast Machine that models work as knowledge infrastructure, providing the 
structure necessary to synthesize massive data sets and theories about physical 
processes.  Edwards is primarily focused on the ways models operate as scaffolding 
to enable the synthesis of massive datasets and complex physical processes. In 
building on this idea I will show that the scaffolding in ecological forecasting models 
does more than provide computational linkages.  It is both material and conceptual, in 
that it formally incorporates theoretical concepts and ideological viewpoints with 
material traces from the landscape, and it is the conceptual theoretical framework that 
I wish to open up for further inquiry.  
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Determinations about what the landscape was in the past are developed 
through a process of collecting data about the landscape and modeling them to try to 
understand the processes that took place.  Because there is no way to directly access 
the past, all information about the past is gathered through what paleoecologists call 
proxy data.  Proxy data are material traces that offer a way to understand the past 
landscape indirectly.  Their indirectness means they are a great example of how 
knowledge about the environment, about the world, about landscapes, is always 
partial and one of multiple, they are enacted and understood through processes of 
knowing, rather than pre-formed, pre-determined entities.  In this way, ecological 
forecast modeling shares with environmental history and landscape ethnography an 
appreciation for the practice Tsing (2010) calls “the art of noticing”.  The art of 
noticing is a nod to our shared intellectual roots as naturalists.  Noticing asks us to be 
drawn into a “passionate immersion” of the material traces in the world around us 
(ibid, p. 19); to attend to connections others might miss (Rutherford 2016).  In this 
chapter, I describe the process of cultivating these emergent understandings of worlds 
past.  I begin with the process of assembling material traces before moving into a 
description of how data sets that represent different temporal junctures of the 
landscape are modeled together to provide insight into the processes of 
transformation that occur over time.  In so doing, I show how this process contains 
within it the recognition of multiples and of other pasts and futures unseen and 
unwritten, and how taken together, they produce models in the subjunctive tense “if 
this were true, then this could be”.  
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Data collection  
 In order to understand the process of developing ecological forecasting 
models, I spent over a year conducting fieldwork with a group of scientists working 
to produce models that could show changes in landscapes over time, such as could be 
used to forecast ecosystem responses to anthropogenic climate change.  Before this 
project began, existing ecosystem models revealed divergent future projections, 
which was problematic for at least two reasons.  First, highly divergent future 
forecasts are not particularly helpful tools for planning or regulatory decision-making.  
Second, the scientists involved interpreted the divergence in the models’ forecasts to 
mean that the models were failing to accurately capture the processes and dynamics 
of past ecosystems.  The assumption is that if the models correctly incorporated the 
processes of the past, then they would forecast the future in similar, if not identical 
ways.  There are two underlying assumptions to this, the first being that it is assumed 
that past processes operate in the same manner as present and future processes31, and 
second, that there is only one “right” answer for the ecosystem.  In other words, that 
in any given place or a given set of climate and soil conditions, there is a single way 
that the landscape should look if it were not for human intervention.  In the chapters 
that follow, I pay more attention to the origins of these assumptions and explore some 
                                                
31 This assumption can be traced back to paleoecology’s origins as a subfield of 
geology, and geology, like many other fields, was influenced by Charles Lyell’s 
theory of uniformitarianism. Stephen Jay Gould (1965) challenged the prevalence of 
uniformitarian thought in biological sciences.    
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of the ways in which this group of researchers are in the process of beginning to see 
pasts and futures as multiple.  
The starting premise for this large modeling project was to improve ecological 
forecasting models by altering them so that they more accurately capture the 
dynamics of past ecosystems.  The research question motivating this has two parts to 
it, one scientific and one political.  From a scientific perspective, there is the 
assumption that the past is not being modeled correctly because the models produce 
divergent forecasts, and thus a new model should be developed that can more 
accurately describe the past so that it more effectively forecasts the future.  The team 
is interested in modeling pre-European ecosystem changes (both anthropogenic and 
non-anthropogenic), because they were ecologically significant, but also because they 
recognize that the assumption that the pre-Euro-American settlement landscape was 
timeless and static is politically problematic.  
 Modeling the long-term dynamics of regional ecosystems is a complex task.  
First, one must identify what has changed.  This requires understanding what was.  
Because so much time has passed, empirical evidence about past landscapes cannot 
be directly gathered.  This is done through proxy records, that is, indirect evidence or 
representations of the past.  Members of PalEON make a distinction between proxy 
records, which are material traces on the landscape that are used to inform 
paleoecology when the variable of interest (e.g. the ecosystems of the last 1500 years) 
cannot be measured directly, and historical records that were written by people in the 
past to describe the landscape, ecosystems, or climate.  Both proxy records and 
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documentary records provide a means through which the team can gather evidence 
about the plants that are no longer around; they both provide material evidence for 
long-gone ecosystems.  Proxy records used by paleoecologists include ice cores, 
corals, and packrat middens, among others, but PalEON members focused primarily 
on tree rings and pollen from lake and bog sediments.  Historical records may include 
journals, weather logs from military stations, and many other forms of primary 
documents, however the Public Land Survey (described below) provides one of the 
most comprehensive accounts of American landscapes during the time of Euro-
American settlement.  The historical record is then mediated through understandings 
of the land that emerge from present-day field observations.  Field-based research 
allows a rich phenomenological understanding of the environment that establishes a 
foundation of tacit knowledge upon which the researchers draw in order to make 
sense of the models they create.  
deep past 
 Dendrochronology is a tool for dating past environmental events and 
conditions by comparing the growth rings in trees, including dead trees (i.e. wood).  
Trees grow outward from their centers, so the bark is pushed out as the tree grows. 
The rings in the wood form when growth stops for a period of time.  Most commonly, 
the growth stops because it is winter, and it resumes again the following spring, a 
pattern that reliably produces annual rings.  If the tree is cross sectioned, those rings 
are visible, and can be counted, dated, and cross-dated against other trees, to establish 
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long records of growth.  Seasons of good growth for the tree produce rings that are 
wider, while poor growth causes narrower rings.  This can provide information about 
past climate conditions, especially if there is data available from multiple trees in the 
same area.  
While there are some reference libraries that contain tree rings from particular 
regions that have been analyzed and dated, most of the work that PalEON scientists 
did with tree rings required fieldwork to go obtain new tree ring cores.  A “core” of 
tree rings is the sample that is extracted in the field.  To extract the core, scientists use 
a long, hollow tube with a sharpened bit at one end, and a crossbeam at the other that 
serves as a handle.  The core is slightly narrower than a standard drinking straw, and 
the length of the core depends on the age of the tree, as older trees have more rings 
and thus, longer cores.  The bit is placed perpendicular to the tree, and with force, the 
bit is pushed into the tree bark, and rotated to manually drill into the tree.   
It is a deceptively physical task, and one that demands embodied, experiential 
practice.  I was taught to core twice.   Apparently in the year between my first and 
second trips out to the woods to core trees, I had forgotten the subtle adjustments that 
are necessary to finesse the bit into the bark.  I encountered other challenges with the 
embodied practice of coring trees.  Cores were to be taken at “breast height”, an 
anachronistic measurement reference that has since been standardized to 4.5 feet from 
ground level – breast height for some but not all.  At 4.5 feet from ground level, the 
bit was in line with my nose, meaning that I had to maneuver the coring tool at an 
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angle above my shoulders, making it virtually impossible to “lean in” to the tool, as I 
had been instructed to do by my guide.  Penetrating the bark was difficult, because 
the bit wobbles while you are trying to drill into the tree.  Once the bit has moved into 
the wood, the bit catches and then it is much more stable, which helps, but the bit 
encounters resistance – literally – as it moves further into the tree.  The pressure of 
the water (xylem) travelling within the tree pushes back against the metal intruder.  
Sometimes the pressure on the bit would cause a high-pitched whining sound; the tree 
screaming in protest.  
Once the bit has reached the center of the tree, the rotation of the bit is 
reversed, and the tool backs out.  A thin tube, the core, of wood comes with it. We 
placed the cores in drinking straws that were labeled with the plot and tree 
information so that it could be identified back to the correct tree.  We would repeat 
the process many times on our coring trips, leaving my arms and shoulders exhausted 
and shaky by the end of the day.  Back in the lab, the cores were mounted onto small 
boards so that they would be easier to maneuver.  The boards also offered some 
protection against breakage, as the entire core would be glued to it, so if the core 
started to come apart, it would remain glued to the board.  The boards then held 
provenience information as well, and we would take notes on them as we counted 
rings.  The cores were then sanded flat, which increases visibility of the rings.  
Counting the rings starts backwards from the bark, which we know is present.  
Tree rings can be tiny and inconsistent, and so there is a standardized system for 
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keeping track of counting the rings.  I was taught to count by one of the postdocs, 
who I’m fairly certain was just looking for a way to (somewhat productively) occupy 
the anthropologist.  Using pencils and writing directly on the board, I would put a 
single pencil dot at each decade, two dots at the fifty-year mark, 3 dots at the century, 
and four at the millennia.  I forged ahead with my new responsibilities in the lab, and 
deliberately chose the first core that I had drilled for my first core to count.  In the 
field, I had selected a very small tree for my first tree to core.  Coring looked, and 
was, physically demanding, and I assumed a smaller tree would be less work.  Any 
time saved on the coring itself was more than made up for in the lab.  Smaller, in this 
case, most definitely did not mean younger.  The growth rings were so tightly 
compressed that it was impossible to fit the head of my mechanical pencil between 
the rings.  I frequently lost count, even though I only needed to count to ten to place a 
dot for “decade”.  The core was about 11cm long, but I counted back to 1765.  My 
tiny little tree was older than this country!  Though I found this to be surprising, for 
the ecologists who were more familiar with the forest, the result was not unexpected.  
After counting more rings from the same plot and finding that virtually every 
other tree was much, much younger, I asked the postdoc in charge of 
dendrochronology, Christie, what she thought this meant.  Given that we had 
information from the rest of the plot that showed that growth conditions were more 
than adequate, the suppressed growth of this tree was not caused by crippling drought 
for the last 249 years.  We compared across other trees in the plot and found that the 
ones that were of comparable age were almost exclusively Hemlock.  Hemlock trees 
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tend to have a very dense canopy and block a lot of light from reaching the forest 
floor.  As a sapling, this maple would have struggled to establish itself, and it 
continues to live under suppressed growth conditions (maple trees prefer more light 
than young hemlocks), even though it has survived for two and a half centuries.  The 
case of my pre-revolutionary maple offers an example of how material traces inform 
speculative reasoning about the past, present, and future of the landscape.  The maple 
core offers little information other than the fact that it grew very slowly but steadily 
for two and a half centuries.  When combined with other material traces from the 
area, slightly more information becomes available – that is, that other trees were able 
to flourish in the same conditions, but those trees were hemlocks.  Just as a historian 
gathers evidence to support a narrative accounts of the past, so too do paleoecologists.  
These pieces of information allow the scientists to extrapolate a narrative that can 
explain changes in the landscape over time.  The very specific traces offered in the 
maple core I collected, along with the traces of other cores in that plot, provide 
information about forest dynamics, such as competition between trees and species, or 
to provide regional climate data.  Speculative reasoning is used by the modelers to 
hypothesize the conditions for what the past was like and how it changed over time, 
and when taken as part of a broader ensemble of data, it forms the foundation of 
knowledge about which species were in the area at what times and how the forests 
responded to changes in land use and management.  
 Sediment cores are the other proxy record that is frequently used by these 
modelers to inform their models of past environments.  The sediment cores used by 
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PalEON were collected from lakes or bogs.  In the spring, when pollen is blowing 
around in the air, it also gathers in bodies of water.  It eventually settles on the lake 
bottom with other sediments, and in areas with winters that freeze, there is a clear 
annual layering in the sediments, because no additional sediment can be trapped 
during the frozen winter months.  The layering preserves over time, with each 
younger layer sitting sequentially over the older ones.  The resulting material traces of 
layering over time are known as varves.  The varve record can be extracted by driving 
a hollow tube down into the sediments and extracting a “core” that holds those 
stratigraphic layers intact.  Once in a laboratory, the layers can be separated and 
analyzed.  The trapped pollen reveals what types of plants were growing at different 
points in time. 
 Young sediments are very soft and contain a lot of water, so they cannot be 
cored using the standard hollow tube.  Because PalEON was primarily interested in 
understanding the landscape dynamics of the fairly recent past, they needed to access 
those younger sediments.  For this type of coring, a different technique is used, which 
many refer to as the “frozen finger”.  I went with them on a “frozen finger” coring 
trip in the Upper Peninsula of Michigan one August. Jason, Simon and Jack were out 
on a makeshift platform in the middle of the lake.  The particleboard platform was 
balanced on two inflatable canoes, and they had a boat tethered to it to give more 
room and to hold a cooler full of dry ice and some more coolers.  There were coolers 
that held the fresh dry ice and another cooler with some dry ice in it for putting the 
cores in.  I had been instructed to paddle out and meet them at the platform at 11am, 
  125 
but nobody asked me if I had experience paddling a canoe or if I felt comfortable 
doing so.  
I rowed out to the platform and waited, trying not to drift too far away from 
the platform, while Jason showed the tools and explained the coring process.  The 
corer – the “frozen finger” – was hollow and shaped like a very angular V.  Not a 
tube at all.  In theory, the corer would be filled with a mixture of dry ice and ethanol, 
which makes the aluminum corer extremely cold.  The corer would then be lowered 
into the lake with a pre-measured rope.  Because it is so cold, as it is lowered into the 
very loose sediment in the upper levels of lake muck, the muck freezes round the 
corer with minimal disturbance.  When the corer gets pulled up, the muck is frozen to 
the outside in layers that can then be peeled off and examined in the lab.  The corer 
stays underwater for 15 minutes and is then pulled back up.  
In practice, there was a great deal of confusion in the flurry of activity to 
prepare the corer, lower it, bring it up again, and retrieve the samples.  The corer itself 
was 1.6m tall, or roughly 5’3”, and the lid had to be sealed shut with screws before it 
was submerged.  It could not be tilted, or the ethanol and dry ice mixture might spill, 
putting people at serious risk for frostbite.  So only someone who is tall enough to 
look down at the top of the 1.6m tall corer can handle it and prepare it for 
submersion.  Further complicating matters was the fact that this was being done on a 
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raft constructed out of inflatable kayaks and plywood that was only very tenuously 
staying afloat32.  
Once the corer went down, there was time to regroup while the muck was 
freezing to the side of the corer.  After a few minutes, they pulled the corer up.  It 
came out of the water covered in slimy muck with some seaweed on it, but there was 
also visible ice attached to it.  Jack wiped off some of the unfrozen mud with his 
gloved hand, revealing the thin frozen sheets of muck that were attached to the corer.  
They poured out the remaining ethanol and dry ice, and filled the corer with 
comparatively warm lake water.  The sudden increase in temperature caused the 
muck-ice to loosen from the corer.  Jack and Jason had thin sheets of metal on a roll 
that they slid between the ice and the corer.  The muck-ice would lift off onto the 
sheet metal, which would be marked with depth measurements from where it came 
from on the corer.  Those pieces then were sealed up and placed in a cooler with dry 
ice so that they would stay frozen on their way to the lab.  
 Like tree coring, the practice of coring lakes is a physical and embodied skill, 
which became increasingly clear as the raft became less stable and the three men 
began to struggle and argue with one another.  Jack reminded me that this was the 
first coring trip of the season, indeed in years for them, and that the first time out with 
a new crewmember or new equipment was always rough like this.  This core was not 
                                                
32 This coring session was done primarily to teach new graduate students and 
postdocs how to core. The vast majority of coring data was collected during the 
winter, when the lakes were frozen and the researchers could simply walk out onto 
the lakes with the coring equipment. As a result, the PalEON project leadership did 
not think that it made sense to purchase a sturdy research boat to use for the 
occasional summertime lake coring expedition.    
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a “real” core – they didn’t need the data from this lake, but they did want some lake 
cores to teach students how to do the lab work and analysis – so this was a “practice” 
core.  He said that ordinarily there are one or two practice cores per season as people 
learn the techniques.  But as the raft wobbled precariously as they struggled to 
maneuver the frozen finger, I realized that my body would probably never be able to 
learn the necessary technique for this method.  At 1.6 meters, the corer is longer than 
I am tall.  Without a stepstool of some kind, I could not seal the instrument without 
risking a very dangerous spill.  I would not be able to pull it out of the water safely 
either.  Like tree coring, which requires the technician to apply tremendous lateral 
pressure at 4.5 feet off the ground, this technique was developed by, and for, a certain 
kind of body.  
 The sections of lake core are stored in a freezer until they are ready for 
analysis.  Thin sections of the core are removed, with a great amount of care so as to 
protect the stratigraphy as best as possible.  The muck is then thawed and viewed 
under a microscope.  The pollen is what is of most interest in a lake core, but 
occasionally there is also charcoal.  Charcoal is a crucial and exciting find in a core, 
because charcoal can be dated using radiocarbon dating, which then allows for the 
other, adjacent sediments to be relatively dated by using the radiocarbon date as a 
starting reference point. 
Pollen grains from different plants vary in their size and shape, and they can 
be fairly accurately identified to the genus or family level through visual 
identification under the microscope.  There are often many, many pollen grains in a 
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slide that has been sampled from a core.  The first step in analysis is to count the 
grains by manually scanning across the microscope slide and counting the grains from 
the various taxa.  It is a tedious process.  As a beginner, I constantly needed to refer to 
the printed and digital illustrations for guidance on identification, and often required 
the verification of a more experienced pollen analyst.  Grains on a slide are floating in 
three-dimensional space in the thin sliver of sample between the microscope slide and 
the cover slip, but reference guides are almost always two-dimensional images, and it 
is tricky to discern the shapes until one gets a feel for it.  Even once I had learned the 
basics of the common grains I encountered, I found it difficult to concentrate on the 
translucent blobs.  My mind would wander, and I would find myself just “cruising” 
around the slide, moving it around and seeing the pollen grains but without keeping 
track of the count or identifying anything.  
 
 
Figure 5 - pollen grains on a standard microscope slide 
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 The raw counts of numbers of pollen grains by taxa are not in and of 
themselves particularly useful data.  What makes pollen analysis powerful is that the 
sheer numbers of pollen grains available per section of core, and then the numbers of 
sections of cores available through time, makes pollen analysis conducive to 
statistical analysis.  The immutable mobiles (Latour 1986) of pollen data take the 
form of pollen diagrams that display relative proportions of different taxa over time 
(see figure 2).  Skilled and well-practiced readers of pollen diagrams can look at one 
such chart and immediately recognize the type of forest that it represents.  Through a 
skilled practice of speculative imagination that includes exposure to a number of 
material traces and practice at inferring landscapes and histories, researchers who are 
familiar with pollen diagrams gain the capacity to imagine pasts by looking at this 
particular kind of diagram.  The data contained in a pollen diagram is the backbone of 
paleoecological research, as it is largely through pollen records that the most basic 
aspects of vegetation change through time can be understood.  Modern-day studies 
have shown that there is a relationship between the percentage of a pollen taxa in a 
sample and the relative abundance of that taxa on the landscape (Prentice 1988).  It is 
assumed that this is true of the past as well, so pollen records are useful for 
establishing what types of vegetation were growing in a certain location at a certain 
time.  Cores collected for pollen analysis provide a record of pollen over time, so the 
analysis is easily extend out across time so that it reveals how the vegetation has 
changed. 
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Figure 6 - pollen diagram for Marion Lake, British Columbia 
Taken together, these material traces allow for a kind of remote sensing that 
extends not only through space, but also through time.  Analysis of pollen diagrams 
assumes that the lake cores offer a sampling of the surrounding landscape.  Past 
plants leave their material traces, in the form of pollen, in the particular space of the 
lake, and this material that gathers allows paleoecologists to grasp at the broader 
landscape.  The lakebed thus sediments both space and time into a singular material 
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phenomena that becomes meaningful when it enters the lab and is brought to bear on 
contemporary environmental decision-making.  Tree-ring and pollen data reveal the 
long-term dynamics of vegetation across the region of interest, but they have 
limitations.  This information provides the groundwork for a more general model of 
vegetation dynamics, one that can be forecast through the present and the future in 
order to forecast environmental response to global change and to land use changes. 
 
recent past 
In addition to proxy records from the material world, the modelers working on 
the PalEON project also used archival information to understand the composition of 
past ecosystems.  They worked specifically with the records from the Public Land 
Survey (PLS) conducted by the United States federal government.  The survey was 
designed to measure, record, and divide land for sale and settlement, but the 
surveyors recorded a valuable wealth of data as they surveyed the landscape.  The 
survey began in 1785 with the passage of the Land Ordinance Act of 1785, which 
passed responsibility for the sale and surveying of lands to the federal government, in 
part because some land had been claimed by more than one state.  The survey first 
established a number of principal meridians, which are defined survey lines running 
north-south, and baselines, which run east-west.  The principal meridians and 
baselines form a sort of survey scaffolding across the land.  The land is then further 
divided into survey townships that are approximately 36 square miles (6 miles x 6 
miles).  The corners were marked with "monuments" in the form of some kind of 
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permanent or semi-permanent object (such as a wooden post, a rock pile - eventually 
metal markers were established as the standard corner monument (see Shulte and 
Mladenoff 2001 for further discussion).   
In order to conduct the survey, surveyors would begin at an established 
corner, and then would walk following the correct compass bearing, and would carry 
a metal measuring chain with them to mark the distance.  For the surveyors, the chain 
is simultaneously a job, a tool, and a unit of measure. The chains had a uniform 
length, about 60 feet, and the chain was pulled along in order to mark the distances 
travelled from the established corner.  The chainmen would stop every quarter mile 
and would record the closest tree in four directional quadrants (NE, NW, SE, SW).  
These trees were known as "witness trees" and the surveyors recorded the species, the 
diameter of the tree at breast height, and the distance it was from the chain line.  They 
also were expected to make note of other features of the landscape, such as whether 
the surface was hilly or flat, whether the soil was high or low quality, and they were 
to record where they encountered water and in what form (stream, lake, swamp, etc.).  
The result is that there is a large body of data about landscape and vegetation 
conditions that corresponds with excellent geospatial reference points.  The 
information about tree diameter and the distance from one tree to another (estimated 
through the proximity of each tree to the chain point) means that ecologists, such as 
those involved in PalEON can estimate the overall biomass of a given area, and can 
learn what types of trees were growing where, which provides information about 
forest composition.  
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This wealth of data is invaluable, but the information is located in old journals 
that were kept by individual surveyors.  In order to be useful for the models, the 
information needs to be digitized and entered into spreadsheet databases that can be 
sorted and queried.  This process is incredibly time consuming, as it must be done by 
hand, page by page.  The work of digitizing the PLS journals was done primarily at 
the McLachlan lab at the University of Notre Dame.  A crew of undergraduate work-
study students were put to work cataloging the journals one township at a time.  The 
students worked in a custom-made database entry form, and, starting at one corner of 
a township would virtually re-trace the steps of the surveyors.  I worked with them a 
few times to get a feel for how the task was done.  Essentially, we were reading the 
journals, but pausing and entering relevant information as it was available.  Each 
journal was different, depending on the surveyor that kept it.  Some kept 
extraordinarily detailed notes, including information about the weather, what they'd 
had for lunch, and even the frustrations of doing tedious, grueling labor.  Others stuck 
to the facts that were asked of them - landscape features, witness trees, little else.  
We were looking for witness tree information, specifically looking for the 
quarter-mile stopping points, at which they would record up to four trees in the four 
directional quadrants and would note their species, diameter at breast height, and the 
distance from the stopping point on the chain's transect to the tree itself.  We were 
also looking for other information in the journals that might be useful in landscape 
reconstruction data.  Things like notes about when the surveyors had to ford a river, 
or where the ground was mucky and swamp like, or perhaps relatively hilly and dry 
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instead.  While the basic topography of the landscape has not changed significantly 
since the surveys were conducted roughly 150 years ago, the proliferation of 
anthropogenic land use has created sometimes-dramatic changes in the natures of 
watersheds.  
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Figure 7 - PLS Survey Map of the area that now includes the University of Notre Dame campus and South 
Bend, Indiana 
 
Entering the data from journals was tedious and often felt thankless.  
Recording datapoints in quarter-mile intervals for the Midwestern United States 
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produces an unbelievable quantity of data, and each of those data points had to be 
read and input by hand. Some of the students working on the PLS data really enjoyed 
the work.  I had to admit, some of the journals were entertaining to read, and it was 
exciting to follow along as the surveyors described landscapes that I had come to be 
familiar with during my fieldwork in Indiana and the Midwest.  At the same time, 
squinting at the faded pencil markings on yellowing paper, written in scrawling 
cursive handwriting that was riddled with the idiosyncratic spelling of the poorly 
educated surveyors gave me a headache.  Still, the students persevered with the task.  
A large map of the state of Indiana - the first state for which the PLS data would be 
collected and modeled - was hanging on the wall of the lab where the data entry for 
the PLS project was conducted.  Each county was clearly demarcated, and within it, 
the township boundaries were outlined.  As townships were completed, they were 
colored in on the map.  Even I, perhaps the grouchiest PLS data collector, had to 
admit that it felt good to make a tangible difference in the progress of the project by 
coloring in a little rectangle.  
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Figure 8 - PLS Surveyor's journal for the township that now includes South Bend, Indiana 
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Information from the settlement survey field notebooks was used to establish 
tree composition, density, basal area and biomass from the time period that roughly 
corresponds with Euro-American settlement (approximately 1700-1805).  The PLS 
records are some of the highest quality records available that describe the landscape 
for that time period, both because of the high level of detail and spatial resolution (.25 
mile increments) but also because the settlement period is not quite old enough to be 
accurately studied using the methods of paleoecology.  The fact that standard paleo 
records can't be used does not mean that there hasn't been change - there have been 
significant and sometimes dramatic changes in land use since the settlement era, and 
as a result, the current land cover also cannot be used to infer the past state.  
However, the limitations of the PLS records must be understood, and these limitations 
are eventually incorporated into the models as well.  The surveys were conducted for 
political and legal purposes, not scientific, and the surveyors received only minimal 
training in the fieldwork they conducted.  As a result, species names are inconsistent 
and often non-scientific, methods were used inconsistently and some sections of the 
survey appear to deviate quite substantially from the stated methods.  
Another concern was the amount of time necessary for the surveys to be 
completed.  In Indiana the surveys began in 1803 and were not completed until 1834.  
Essentially, the surveyors were at best one step ahead of Euro-American settlers, and 
often they were actually behind them.  So the survey data does not represent truly pre-
settlement landscape so much as landscape in the middle of a transitionary period 
between indigenous and Euro-American land use regimes.  This is an important 
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distinction, both from an anthropological perspective but also the perspective of the 
researchers I was working alongside.  For the PalEON project, the dynamics of the 
pre-Euro-American settlement landscape are an important component of the 
terrestrial landscape dynamics in general.  In contrast with most conventional 
landscape models, which treat the pre-settlement period as an unchanging, natural 
state, they see the dynamism of that time period as both an important scientific 
contribution to the models and a political one (see new chapter 2 for an expanded 
discussion).  
Some researchers have conducted research to try to understand the degree to 
which the variability in the PLS data quality impacts its use in scientific studies 
(Shulte and Mladenoff 2001).  One of the ways of doing so is to reconstruct the 
surveys using the same methods as the original surveyors.  This technique was used 
by Manies and Mladenoff (2000) in the Sylvania Wilderness area on the Upper 
Peninsula of Michigan, and there they were able to find that the PLS survey data does 
accurately reflect vegetation patterning when compared with data collected using 
other methods.  Reconstructing PLS surveys also provides data in the form of a 
contemporary record of land use cover that is created using the same methods as the 
historic survey, which allows for a comparison across the two that contains minimal 
inaccuracies due to methodological mismatches.  Extracting empirical speculations 
from material traces, whether they be the PLS journals or the materials extracted from 
the landscape to serve as proxy records for paleodata, requires certain assumptions of 
imagination.  The researchers constrain their empirical speculations with the 
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embodied, tacit understandings of the landscape that they develop through 
phenomenological encounters with the landscape.  The collection of present-day 
empirical data on the landscape is one of the methods used by the PalEON scientists 
to cultivate their phenomenological relationships with the ecosystems they study.  
 
present  
I was able to experience a partial PLS reconstruction myself one summer 
when I worked as a field assistant for Kelly, one of the graduate students involved in 
PalEON. This student was collecting data for her thesis, which fell under the umbrella 
of the broader PalEON modeling project.  Specifically, she had been tasked with 
developing a model of the savanna biome that could help estimate where the 
boundary between prairie and forest would lie in the American Midwest given 
different climate conditions.  In order to develop this model, she needed to collect 
data about where the boundary lies now, and this would be compared against PLS 
data and pollen data to see where it has been in the past.  The fuzzy line of 
demarcation between prairie and eastern forest is expected to shift with future climate 
change.  As it is now, and has been for the last few centuries, there is a "peninsula" of 
prairie that extends east into Indiana, but most of the prairie in North America is West 
of the Mississippi river, with tallgrass prairie in the Midwestern states shifting to 
shortgrass prairie moving west into the great plains.  This gradient follows a similar 
gradient of precipitation, where average precipitation decreases moving westward 
toward the Rockies.  Because of this, the often-cited explanation for the prairie 
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peninsula in Illinois and Indiana is that it is due to a lack of precipitation as compared 
with the eastern forest areas, but the preliminary evidence does not support this.  So 
Kelly is trying to determine what creates the boundary between the two biomes.  The 
eastern boundary of the prairies of the American Midwest is a place of transition 
where the ecosystem becomes more dominated by deciduous forest trees (Figure 3).  
Northwestern Indiana was the eastern most extent of the historic prairie, specifically a 
region known to ecologists as the “prairie peninsula” (Transeau 1935).  It is fairly 
well established that the boundary of the prairie and the forest has shifted over time, 
and most believe that those shifts are the result of changing climatic conditions.  
What is much less well understood are the physical or biological mechanisms that 
cause some areas to be prairie and others to be forested.  Prairies are defined as 
ecosystems with vegetation that is primarily grass and shrubs, perhaps with a few 
scattered trees.  
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Figure 9 - Transeau's Prairie Peninsula Map 
Most of the prairies of the American Midwest have been used for agriculture, 
which presents a challenge for those who wish to study them – there simply isn’t 
much prairie left to study.  In the places where the prairie has not been plowed under 
for agriculture or bulldozed for housing, the prairie grasses are being threatened by 
deciduous trees, which have been growing well in former prairies, but once they 
establish themselves they create too much shade for many prairie plants.  This creates 
a feedback cycle where the trees are creating a better environment for themselves and 
promoting forest cover.  Prairie land is economically important for agriculture, so 
there is political interest in understanding if there is empirical evidence for the loss of 
prairie land and if so, what is causing it (Hare 2014).  The goal of Kelly’s fieldwork 
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was to develop a model that could forecast where the prairie-forest boundary would 
lie in the future under different climate scenarios.  This presented an interesting 
challenge.  Modeling the edge of the prairie means modeling a distinction between 
forest and non-forest.  This is a fuzzy boundary, but it is important for the purposes of 
bureaucratically assessing ecological resources33.  Models do not handle fuzzy 
boundaries well, the code effectively demands categorization.  There is an irony to 
this, in that the outputs of models are themselves fuzzy; they operate merely as rough 
approximations of conditions given certain parameters.  Those fuzzy estimates, are, 
however, useful approximations, and often the only available information about 
certain existing or potential conditions.  
Kelly's fieldwork required us to go on a series of day trips out to different 
preserves and parks around the Northwest Indiana region, so that we could access 
land that was not in active agricultural, industrial, or (sub)urban use.  In other words, 
we needed "natural" lands of one form or another.  These natural lands were all 
managed to a greater or lesser extent.  In some, it seemed as though the landowners 
had done nothing more than erect a fence delineating the natural land from the "used" 
land, while in others the land was more actively managed.  Different land managers 
had different goals for the land.  In some places the active management took the form 
of prescribed burning, which would keep the forest canopy open and trees sparse, 
                                                
33 Distinctions between forest and non-forest are used in determining agro-ecological 
zones, such as are used by the Food and Agriculture Organization of the United 
Nations, or for the United States Department of Agriculture’s Forest Service Forest 
Inventory and Analysis, which is a census of vegetation that was developed as a tool 
to estimate the availability of future forest products (USDA Forest Service).  
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while others managed the land by returning it to the wetland conditions that had been 
there prior to the introduction of industrial scale drainage technologies in the early 
20th century.  In almost all of the places we went to there had been some degree of 
effort behind the eradication of invasive species, however we encountered invasive 
plants of one form or another at virtually every site we went to. 
It was through encounters with these lands we gained the phenomenological 
experience necessary to have principled, imaginative causal thinking that is critical to 
the later stages of data analysis and modeling.  One of the most important skills a 
modeler can develop is an almost intuitive understanding of what “bad data” looks 
like. “Data” may be “bad” for any number of reasons.  There might be a mechanical 
error in the data collection process, as was the case with the lake core we took and 
threw out because it was too sloppy to use.  There may be errors in the preliminary 
analysis stage, which I encountered when I failed multiple times at counting the tree 
rings in my maple core.  That maple core was also an example of a sampling error – 
the tree was so tiny and so “obviously” an outlier in its stand that a more experienced 
fieldworker would not have bothered to core it.  There are also computational errors, 
which may become visible in the process of parameterizing the model, when 
numerical representations of the world represent nearly impossible conditions.  The 
process of becoming a skilled ecological forecasting modeler was primarily a process 
of learning to represent the world.  Both data and code are experienced 
phenomenologically, and the process of becoming a modeler is a process of 
subjectification that requires fluency in both the natural and the data world.  
  145 
Fieldwork with Kelly involved driving out to one of these protected areas and 
then establishing a transect line.  We weren't doing an exact PLS reconstruction, but 
rather were borrowing their methods and conducting surveys along transects.  Instead 
of starting at the corner points of townships, our survey starting points were based on 
satellite images so as to bisect the natural areas on the landscape.  The plan was to 
walk 100 meter transects and to stop every ten meters to sample the closest tree in 
each directional quadrant.  This latter part being identical in methods to what the PLS 
surveyors had done.  The plan was changed on the first transect of our first day of 
fieldwork, because the conditions in the field made the original plan almost 
impossible.  The ground was so wet that we sunk with each step, and the brush cover 
was so thick and dense that it was almost impossible to push through.  A machete 
would have been nice.  Beyond these inconveniences there was also the practical 
limitation in that there was almost nowhere in the area where a 100 meter transect 
would not intersect a road, and a road would have potentially distorted the data.  So 
the research plan was almost immediately revised to work with 50 meter transects. 
Measuring the first quadrant took nearly an hour.  There were only four trees to 
measure (NE, SE, NW, SW) and each one needed species, distance to the transect, 
diameter at breast height, height of the canopy using a distance laser and angle, and 
the width of the canopy from two different angles.  
The different land management techniques created landscapes that were 
visibly and tangibly different.  At one site that we visited, Potato Creek State Park, 
the land was actively managed through prescribed burns, cutting and spraying 
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herbicide on invasive species, and annual culling of the deer and goose populations.  
Though their methods for active management were similar to those used by other land 
managers in the area, the State Park system was less intensive in the frequency and 
extent of interventions.  As a result, at this site, the dense underbrush was about neck-
high, and the closer we got to a water source the more it was dominated by thorny 
plants that tore at our skin and clothes.  At another site, Conrad Savanna, the 
understory was completely dominated by young white oak trees that were 
approximately head-high for me.  Unfortunately, I was also horrifically allergic to 
them. A third site, which was managed by the Nature Conservancy, had the most 
extensive land management practices of all of the sites we visited.  The area was 
periodically burned, using prescribed burning, and it was also selectively hand cut to 
thin trees, and herbicide was applied to undesirable species to try to inhibit their 
growth.  The suppression of forest at this site had encouraged a proliferation of 
blackberry plants, and though they were all quite small - the size of two or three 
basketballs - they were covered in blackberries.  They lined the trails, surrounded the 
trees, and dotted the meadow-like openings in the savanna landscape.  Their thorns 
snagged at our pant legs and our shoelaces, forcing us to stop and retie after what felt 
like every other step, but all that was easily forgiven, because the fruit was ripe.  We 
snacked voraciously as we worked, reaching down to grab a juicy morsel after almost 
every measurement.   
Collecting data about the present-day landscape allows the modeling team to 
do three things.  First, it allows Kelly, a graduate student, to develop a small project 
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that is part of the bigger "umbrella" PalEON project.  Second, in addition to 
contributing necessary data to Kelly's project, our fieldwork to collect data about the 
contemporary forest cover in Indiana provided updated information about the current 
state of the landscape in this area.  The PLS survey of this area was completed in 
1834, and while pollen data can provide some proxy information about what has 
happened since then, the most reliable information is collected from cross-referencing 
our on-the-ground survey with two remote sensing products - the Forest Inventory 
Analysis and satellite data.  The data about the current state of the landscape is useful 
even though so much of the land lies under agricultural use or has been built up. 
Broader patterns of climate and hydrology continue to impact land, even if it is highly 
managed and even planted for agriculture.  Finally, and not insignificantly, collecting 
data of the contemporary landscape offers the modelers an opportunity to cultivate a 
first-hand understanding of what the forest looks like and how that compares with the 
numerical representations that they are gathering.  The extent to which the modelers 
relied on this tacit understanding of the landscape was made most apparent when the 
Dietze lab hired a postdoc who had limited outdoor experience.  Toni was trained 
primarily in statistical modeling, and was not from the United States.  Unlike most of 
the members of the project, he had spent most of his life living in major cities and did 
not particularly enjoy outdoor recreational activities.  The postdocs in the Dietze lab 
all shared one large office area that was separated from the wet lab area.  The postdoc 
office included three cubicle-like desk workstations, each with large double monitor 
setups, as well as a little lounge area with a sofa, fridge and microwave.  The open 
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space was conducive to some conversation during the day, though for the most part 
they all worked in silence. 
I spent a lot of time in the postdoc office when I was visiting the Dietze lab, 
because it was where the action was, so to speak.  Action here meant two or three 
people typing silently into their computers, but they were often generous enough to 
allow me to look over their shoulders and follow along with the coding process.  
During the time that I was there, one of the postdocs, Jackie, was busy with 
parameterizing the model.  Parameterization is a crucial step in modeling, because it 
is through parameterization that models simplify the world.  A parameter will replace 
a complex process or body of data with a number or range of numbers.  For example, 
an ecosystem model could model the water cycle in its entirety, or it could replace 
that with a number that represents the amount of precipitation that is can be expected 
in a given area over the course of a typical year.  That number would be a parameter. 
Parameters are simplifications that constrain the details that are not necessary for the 
modeling task at hand.  They also make models more computationally efficient by 
replacing calculations and mathematical models with numbers or number ranges.  
Like any simplification, however, details can be lost in this process, and so it is 
crucial that the modeler can make a determination about which processes and datasets 
are necessary and which can be parameterized.  The success of the model also 
depends on how effectively the parameters can represent the empirical data about the 
phenomena they replace.  The successful parameterization of a model thus requires a 
  149 
robust understanding of effects that these phenomena have on ecosystems and 
landscapes.  
One afternoon, while I was in the postdoc office, watching Jackie 
parameterize the climate dynamics of the ecosystem dynamics model, Toni 
interrupted. “Does loamy sand make sense for the soil at the Michigan/Wisconsin 
border?”  Toni was sitting at his workstation across the room, parameterizing a 
regional sub-model.  “Yeah, that seems right to me” Jackie replied.  She sighed 
deeply.  She was clearly annoyed, and didn’t bother to hide it much.  “Check with 
Mike – he knows that area”.  A few minutes later, Mike (the lab PI) joined us in the 
postdoc office and sat down next to Toni.  He continued to fill in the rest of the soil 
parameters himself, which he felt was easier than answering the questions one-by-
one. Unlike Toni, Mike had spent a great deal of time in the Michigan/Wisconsin 
border region, both as a PI on the PalEON project, as this is where the biannual Camp 
PalEON retreat and training event is held, but also for fieldwork during his doctoral 
research.  As a result, Mike held an embodied sense of the landscape that Toni lacked.  
A similar incident happened later that fall during a lab meeting.  Toni was 
presenting some of his preliminary results.  He was working on a part of the model 
that was estimating the LAI (leaf area index) of the forest over time.  The LAI is 
helpful for calculating primary production – which is essentially the process of 
photosynthesis.  In the model, this process is crucial for accurately representing the 
overall rates of growth of a plant community.  He put a slide up that showed that the 
model output was showing that in this particular region, where the forests were 
  150 
already considered to be mature, the LAI was doubling every year.  Mike and Jackie 
paused a moment to read the graph on the slide, and then all three laughed out loud.  
Without any explanation, Mike burst out, half-laughing “that’s FAST growth!” 
Intuitively, the other modelers just knew that mature trees do not double the 
size of their leafy areas from one year to the next.  Trees, especially mature 
hardwoods, grow slowly.  Mike and Jackie had spent years doing fieldwork and 
collecting and analyzing data from forest plots.  Because of this, they could 
immediately recognize an error in the model that doesn’t align with real-world 
expectations.  This tacit knowledge is absolutely crucial to the model development, 
because with out it, the numbers seem reasonable enough.  Because Tony failed to 
recognize the LAI output of the growth model to be erroneous, that particular output 
was then used to parameterize a data assimilation model, which in turn produced an 
output that overestimated the growth rates of the deciduous forest.  However, in that 
output, the rate of growth had been constrained by other factors, and so the final 
model output was not so obviously incorrect, and likely would not have attracted 
attention on its own.  
Arguably, the phenomenological, tacit knowledge, or the “feel”, for the forest 
that scientists and students developed while collecting their own data on the modern 
landscape was just as important as any of the information they collected.  Small data 
sets about regional areas, such as the information that I collected while out in the field 
with Kelly, can be useful for filling in some information about change over time in a 
given region.  For example, a model run with a long regional might be initialized with 
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pollen data from 1000 years ago, and then it is run forward to the mid-nineteenth 
century, at which point its outputs-in-progress need to match the PLS data that is 
available for the area at the time.  The processes and parameters of the model will be 
modified until they match.  The model is then run forward again to the early 21st 
century, at which point the model output must match the observed data collected in 
the field (processes and parameters are again adjusted until there is a match) before it 
can be run into the future.  Present-day environmental data that is collected in the 
field by PalEON researchers is helpful for this second step in testing the model, but 
much of this information is somewhat redundant, as it is often available through other 
data sources (such as the forest inventory analysis or even remote sensing data).  
What is not replaceable is the tacit knowledge that allows for modelers to quickly 
identify “bad data” – a process that Mike liked to call “sanity checks”. 
“Sanity checks” serve to constrain the outputs of a model.  Models can 
produce many potential outputs but only some are reasonable representations of what 
the landscape can be expected to do.  Learning what is a reasonable expectation is a 
skill that is learned through experience, and is considered crucial. Understanding a 
model’s strengths, weaknesses, and its realism is a large part of the training process 
for both modeler and the model, as the model is “trained” to produce more realistic 
answers through shifting the parameters.  This embodied knowledge and ability to 
enact skilled judgment and speculation is seen as the marker of a good modeler and of 
a good model, but it also means that both the modeler and model have a tendency to 
be conservative in their outputs.  Results that radically differ to expectations run the 
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risk of being dismissed, even if they are computationally correct and based on 
accurate data.  
A “sanity check”, for Mike and his team, most often was a quick look at 
output numbers to make sure that they seemed to fit within the range of what they 
understood to be acceptable.  This range was not defined anywhere, nor was it written 
down, and it was certainly not built into the computational models (though, one could 
imagine that they could be coded so that if a certain output figure fell outside of a 
designated range that the model would stop running and notify the user of the error, 
rather than immediately using the output to parameterize the next step in the 
modeling process).  Similarly, there was not a proscribed time or moment in the 
process for conducting a sanity check, but instead it was a sort of a background 
process.  As they worked to parameterize models and to turn output data into figures, 
Mike and Jackie would be scanning for numbers that didn’t make sense, and when 
preliminary figures were made, they were shared at lab meetings, where the entire 
group would help check for anything that seemed counterintuitive.  This process took 
up a large portion of the modeler’s time, but not because the “scanning” for errors 
was labor intensive.  Indeed, the extensive and first-hand experience of the landscape 
that most of the modelers had, allowed them to quickly recognize whether or not 
outputs matched their understanding of what the landscape looked like.  What took up 
so much time and effort, was that once a number was identified as failing the sanity 
check, they then had to determine why it failed, and that process required that they 
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walk through all of the possible sources of error until they could determine what 
caused the mistake.  
 
the model 
 All of these datasets (pre-historic, historic, and contemporary) were collected 
with the goal of developing an ecological forecasting model that would be able to 
estimate what the vegetation of the Midwest and Northeast would be like in the 
future.  What makes this model unique as compared with other ecological forecasting 
models is that it does not take the present state of the landscape as a given or as a 
fixed state.  Instead, the model captures the dynamism of the vegetation over time.  
This forecasting model was the end goal for the PalEON project, and while it was 
often referred to as “the model”, this was a somewhat confusing misnomer, as there 
were in fact many smaller and simpler models being used at different stages of the 
development of “the” model.  For the sake of simplicity, the model will be referred to 
as the PalEON Ecological Forecasting Model (PEF Model).  
 The PEF Model is a data assimilation model, meaning that the model 
incorporates both observations (empirical data) and statistical estimates (model data).  
This is done because not all of the information that is necessary for the model to run 
can be known through empirical evidence.  Said differently, it is impossible to go 
back to 2000 years before present and take measurements of the temperature, 
precipitation, species types and densities, etc. for every point of the geographic area 
that is being modeled.  Instead, these pieces of information must be interpolated from 
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the data that is available.  Those interpolations are “model data”, and they are 
incorporated into the model alongside empirical data that has been collected from the 
material world.  This distinction becomes further complicated, however, because the 
empirical data from past ecosystems is itself modeled, in the sense that the 
information is collected via proxy (as described above) rather than through direct 
empirical observation.  
For example, what is being measured as the empirical data in the PEF Model 
is not the relative density of pine trees to oak trees on the landscape at a given time, 
but rather the relative proportion of pine to oak pollen that collected in a nearby lake 
in a certain time period.  The pollen proportions are compared against modern-day 
measurements that estimate the relationship between the proportion of wind-blown 
pollen and the proportion of pollen that collects in a body of water in order to adjust 
the estimated proportion of pine to oak on the landscape.  This correction is itself 
another kind of model.  The estimate, then, of the species composition (ratio of pine 
to oak) and the density (number of trees on the landscape) is taken as the empirical 
evidence and is assimilated into the model.  
In the process of developing the model and preparing it to run, the information 
that needs to be filled into the model (such as temperature, precipitation, species 
distributions, etc.) are entered as parameters, and in the case of the PEF model, those 
parameters are also given prior probability distributions (also simply called “priors”) 
which are estimates of the reliability and accuracy of the parameters.  Data points 
with higher confidence intervals have stronger influences over the model output than 
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those that do not.  Entering the prior probability distribution is one way of formally 
incorporating tacit and subjective knowledge into the modeling process.  The priors 
can be adjusted over time as new information becomes available or as necessary to 
adjust the model so that the outputs are more accurate.  
In order to test the accuracy of model outputs during process of initialization, 
the model is run forward from one time period to another and creates a forecast of 
that “future” time period.  In the case of the PEF model, because there was so much 
pre-historic and historic information, they were able to run the model from a point far 
in the past (approximately 2000 years ago) to a point that was in the future from 
there, but for which there is still known information (for example, the Euro-American 
settlement era).  This is done a few times from a few different points in time to iron 
out the processes in the model (the calculations that occur as the model “moves” 
through time) and make sure they make sense.  So, for example, the model might be 
initialized with the data from the pollen record and set to the appropriate year (say 
2000 years before present) and then run through to forecast what the ecology would 
look like (according to the model) at the period of settlement (roughly 150 years 
before present, or about 1850).  That output data (the forecast of settlement-era 
vegetation) is then compared against the PLS data that provides empirical data from 
the settlement era to see how well it did.  The mismatches between the forecast results 
and the empirical data provide information about the model: its processes, its 
parameters, and the confidence (or lack thereof) that the modeling team should have 
in them.  The more closely the model’s output forecast matches the known 
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conditions, the more accurate it is thought to be, and the more confidence can be 
placed in the way the priors have been parameterized.  
 Ecosystem modeling is an iterative process.  The team works through these 
steps over and over again, moving from knowledge, which might be in the form of 
empirical evidence, but could also be trusted ecological theories, or even well 
established principles from other disciplines such as physics, to validation, which is 
the process of confirming that the model produces expected results.  Validation more 
often than not results in the team finding one or more errors in the processes in the 
model or in the parameterization of the model.  An error in the process or the 
parameterization requires that the model be revised, which may also require the team 
to conduct further research.  For example, if the model cannot handle a particular 
ecological process well, it may require that the team gather more data so as to rewrite 
the model to more accurately capture the processes that are taking place in the 
material world.  Depending on which processes those are, it may actually require 
more time out in the field collecting empirical evidence.  From there, the model 
would be revised, rerun, and the process starts all over again.  
 Model validation is a process of comparison of many theories to look for 
coherence. STS scholars who have written about model validation have emphasized 
how human judgment and interpretation is necessary to make sense of models and 
determine what is reasonable.  Sundberg (2009) demonstrates how the process and 
outcome of parameterization can be quite variable depending on the intended use of 
the model.  Even when the parameters are derived from empirical data of well-
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understood phenomena, the parameters must be calibrated to fit the needs of a 
particular model and model scenario.  Through this process, modelers (both 
developers and users) rely on the embodied knowledge they developed through field 
research and the collection of empirical data in order to make decisions about which 
outputs make sense and which do not.  Myanna Lahsen’s work (2005) has shown how 
modelers’ attitudes towards the accuracies of their models vary depending on the use 
of the models and the extent of the modeler’s experience with empirical data 
collection.  Lahsen (2005) reminds us that experiences and effects of climate change 
will be situated in particular places and times, and that simulation models are 
constrained by the material world.  
Eventually, the model may be codified, which indicates that the model 
functions as well as it can be hoped to function given the circumstances.  At this point 
the model might be made available to users who are not a part of the project.  
Throughout the process of developing and parameterizing the model, there have been 
publications based on output information.  For the PalEON project, this usually took 
the form of a paper based on output information for a limited region of the PalEON 
domain, such as one article that offered estimates of “novel and lost forests in the 
Upper Midwestern United States” (Goring et al. 2016) based on early model runs.  
Papers may be published based on incomplete models, because, as the modelers see 
it, their model will always be a work in progress.  A model that “perfectly” captures 
all of the elements of the material world is impossible, and so the goal is not 
perfection, but rather is simply a model that captures the material world as best as it 
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can given the constraints of limits on computational power, time, and resources.  In 
other words, it is a bad model that purports to explain everything, a good model is 
always partial and contains within it residual indeterminacies and uncertainties. 
 
environments made multiple 
Material traces, whether they be the proxy data (pollen from lake and 
sediment cores, tree ring analysis), the historic data (from Public Land Survey 
databases) or contemporary information (from fieldwork and remote sensing 
activities), inform the ecological forecasting model.  All of these components come 
together to produce what was shorthanded as “the model” though the model is a 
multiple, nested, and recursive process of modeling.  The model contains within it 
multiple visions of the landscape, seen through different moments in time, different 
proxy materials, and those moments capture within them political considerations 
about what is important in the history of the land and why.  Incorporating data from 
different moments in time allows the modelers to test theories of environmental 
change over time, and provides a broader understanding of what the range of 
ecosystem possibilities is for a given area, but those possibilities are not without 
limits.  Historical data points, captured through material processes are understood 
through the conceptual models of environments and landscapes that team members 
have developed themselves through years of lived experience.  That tacit knowledge 
of the present environment constrains the models through the process of sanity checks 
and through the inclusion of prior probabilities – the very idea of what is possible in 
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the future and what was possible in the past is thus constrained by the embodied 
experiences of modelers in the present.   
 Models of the world and about the world emerge from particular places in 
particular moments in time.  They are contextually dependent on the embodied 
knowledge of the modelers.  In this chapter I have described how embodied and tacit 
knowledge is codified into the modeling process.  In the chapter that follows, I 
describe the particular geographic and historical context of the production of the 
model, and the process by which modelers come to inhabit an embodied sense of the 
landscape.  I will also introduce, more specifically, the stakes of the model, by 
introducing some of the people who hope to use the model output data in order to 
effect land management strategies. 
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Chapter Five  
If This, Then What? landscape intervention and subjunctive futures 
 
“This is the forest primeval. The murmuring pines and the hemlocks, 
Bearded with moss, and in garments green, indistinct in the twilight, 
Stand like Druids of eld, with voices sad and prophetic, 
Stand like harpers hoar, with beards that rest on their bosoms.”  
(Longfellow [1847] 2016) 
 
Steve Jackson concluded his recitation of the first four lines to Evangeline by 
Henry Wadsworth Longfellow by resting his hand on the mossy trunk of a large 
Hemlock.  He looked up into the canopy, pausing in silence.  It was, I believe, 
intentionally melodramatic.  Steve, a government climate scientist/bureaucrat, was 
leading a group of scientists, statisticians, and me, the anthropologist, through old-
growth forest in a Wilderness area on Michigan’s Upper Peninsula.  
We were all here for a weeklong visit that was part intensive training course, 
part team-building retreat.  The trip inducted the new graduate students and postdocs 
into the methods and theory used by the PalEON modeling team.  In the course of 5 
frenzied days, we were to be introduced to the basic steps of building ecological 
forecasting models.  We would start by turning tubes of lake mud and narrow 
cylinders of wood cored from trees into data that can be quantified, processed with 
statistical models, and fed into processual models that can model the past, then use 
those same processes from the models of the past to forecast into the future – those 
final models being the ecological forecasting models that can indicate how landscapes 
will respond to future global change.  Since the retreat was primarily about modeling 
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and how to incorporate Bayesian statistics into ecological models, most of the 
instruction took place in a classroom format.  Seated at long lab tables and shown 
PowerPoint presentations, we could have been at any college campus, but from time 
to time we were ushered out of the classroom and encouraged to get a feel for the 
North Woods.  
Field trips, such as they were, served the dual purpose of breaking up the 
tedium and frustration of learning complicated statistical techniques and of allowing 
the instructors to share their passion for field research.  Steve, our guide, and Jason, 
the gregarious lead Principal Investigator, fervently believed in the importance of 
natural history for contemporary ecological science.  According to them, modelers 
needed to be able to visualize the worlds that they modeled. “When looking at lines of 
code, the best modelers can imagine the trees, can visualize the scenery”, and the best 
way to do so was to spend as much time as possible outdoors, learning firsthand what 
those environments look like.  “Students [should] be dragged out with real paper 
notebooks and walked through the kinds of attentive practices necessary to learn from 
nature’” (Hare 2014).  So here we were.  Standing in a Hemlock forest, listening to 
poetry, so that we might become better scientists.  
The Sylvania Wilderness is located in the Ottawa National forest on 
Michigan’s Upper Peninsula.  Unlike much of the surrounding area, the forests of the 
wilderness area were only very minimally logged, making the trees at Sylvania rare 
examples of old growth forest in the North Woods.  The land was held in private 
ownership as an outdoorsman’s club from the late nineteenth century until the Forest 
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Service purchased it in 1967.  The forest service removed all of the buildings from the 
land upon taking ownership and the area was granted federal wilderness designation 
in 1987, further erasing the history of human occupation that extends back thousands 
of years.  Since that designation the land has been used primarily for recreational 
hunting, fishing, and canoeing, with stringent regulations in place.  Limited amounts 
of relatively non-destructive scientific research is also conducted in the wilderness 
area, which is what brought the tour group out to the woods that day. 
The understory was mostly open, with just a scattering of ferns and moss 
across the forest floor.  As a result, it was surprisingly easy for the group of about a 
dozen of us to walk around off trail.  As we walked, Steve talked passionately about 
the forest.  He knew all of the species and talked at length about how maple wasn’t 
the only tree out there that produced flavorful sap.  We stopped at a small rise in the 
terrain – a hollow – that prompted him to share a long history of the forest, going 
back thousands of years.  The area’s topography is not exactly hilly, but is distinctly 
uneven.  The hummocky surface is the result of deposits of glacial till and gravel left 
behind from the Wisconsinian ice age.  As the glacier retreated, beginning roughly 
10,000 years ago, it left behind both massive amounts of broken up rock and sand, as 
well as the occasional large chunks of ice that broke off of the main sheet.  Those 
chunks of ice would melt very slowly, leaving depressions behind in the landscape 
that have persisted to this day.  These depressions continue to capture water and ice 
during the wetter and colder months of the year.  Because they almost never 
completely dry out in the rainy, snowy, humid climate of the North Woods, they can 
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be cored for pollen samples in much the same way as one cores a lakebed.  Pollen 
cores from these hollows can be very useful for some purposes because the pollen 
contained in them will almost exclusively come from the trees immediately 
surrounding the hollow.  This contrasts with larger bodies of water, such as lakes, 
which collect pollen from much larger areas, either through wind-blown grains 
settling onto the lake surface or through the streams that travel long distances before 
ultimately draining into a lake. 
Officially, the purpose of this particular field trip was to see the hollows 
where some of the pollen core data were collected.  But this was also the last day of 
the short course, and after spending the better part of a week sitting at desks working 
on models that represent trees and forests in a series of spreadsheets and graphs, it 
also served as a reminder that those numbers come from and represent real 
ecosystems and real trees.  Trees that you can smell and touch and recite poetry 
under. Trees that give research a broader context and meaning.  Steve’s recitation 
underscored what for him was the urgency of his work – these magnificent trees, 
innocent and ancient, have lived their lives under constant threat of humans – first the 
threat of logging, later climate change as the region is warming and becoming 
unsuitable for young hemlocks to take root.  But this portrayal of “nature” as existing 
in primordial wilderness, distinct from and superior to humans, also worked to teach 
the students another important lesson, which is the implicit notion that this is the 
“proper” way to conceptualize ecosystems and environments in the kind of work that 
they would be doing.  
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 The myth of the primordial American wilderness plays an important role as 
part of the origin story of contemporary American life, and indeed also in the origins 
of American ecology.  Origin stories influence the explanations and understandings 
that people make of the world.  Scientific discourse, as well, follows the guiding 
frameworks of shared origin myths (Latour and Strum 1986).  The wilderness myth, 
when framed as such, becomes merely but one of many myths that appeal to nature as 
a preexisting, unconstructed reality.  The appeal to nature glosses over historical 
contingencies (Jackson and Rees 2007) and can foster a sense of nostalgia for a past 
that was simple, wholesome, and less constructed by man (Barthes 2013 [1957]).  
Many of these myths assume that there is a human nature that could exist outside of 
the realm of the social, and that technology corrupts natural processes.  For some, 
these myths are a fundamental part of American culture and identity (see Marx 2000 
[1964], Smith 1950).    
As a central element of the national frontier myth, the wilderness concept has 
long represented a world that is removed from the ills of modern civilization.  
Articulated most famously in Frederick Jackson Turner’s essay (2007 [1920]), the 
wilderness is seen as being a crucial element of American history.  For Tuner, the 
frontier, and the threat of untouched wilderness beyond it produced national 
character.  Wilderness at this time was seen as dangerous and life in it was 
challenging.  For Turner, this meant that it instilled in people an independence and 
creativity that was uniquely American.  Turner wrote of the closing of the American 
frontier with sadness and concern.  What would become of a nation that lost the very 
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thing that defined it?  In the years following ‘the close of the frontier’, the American 
wilderness came to represent freedom from the trappings of modernity.  The 
wilderness was seen as “freer, truer, and more natural than other, more modern 
places” (Cronon 1996, 77).  Escaping to the wilderness for recreation became a 
popular pastime for those who could afford it in the early 20th century, as it continues 
to be to this day (Turner 2015, Walker and Kiecolt 1995, Simon and Alagona 2009).  
Those who participate in it often see wilderness recreation as an opportunity to return 
to a more primeval state than they experience in their everyday lives.  Through it 
people can “recover the true selves we have lost to the corrupting influences of our 
artificial lives (Cronon 1996, 80).  
The wilderness myth rests on the assumption that the North American 
continent was in a “natural” state upon the arrival of Euro-American settlers (see 
Denevan 1992).  For decades both scientific and popular literature supported the 
notion of a “virgin” landscape in the pre-1492 Americas (see Smith 1950, Bowden 
1992).  In some versions this nature existed outside of human presence on the 
landscape, in others, it was “a world of barely perceptible human disturbance” 
(Shetler 1991, 226).  This view ignores the presence of the estimated tens of millions 
of Native Americans who were inhabiting the Americas at the time of European 
contact (Denevan 1992) as well as the significant impact they had on the ecosystems 
they inhabited (Bush and Silman 2007, Delcourt and Delcourt 2004, Vale 2002).  In 
other versions, the landscape practices of Native Americans are treated as a part of 
nature itself (Redford 1991, cf. Nadasdy 2005), a way of framing the issue that raises 
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questions about what kinds of technology can be assimilated into the natural order 
and which kinds are seen as corruptive.  Above all, however, it is assumed that this 
state of nature was singular - timeless and unchanging. 
Myths, of a simple past, of our connection with nature, of the power of wide-
open grasslands to create a culture that prides itself on staunch individuality and 
freedom, are appealing, even when false.  The myth that humans can dominate nature 
is a particularly powerful and persistent myth, made especially appealing by the 
promise that intensive manipulation might rectify previous damage.  There must be 
room for critical reflection on the effects that these myths have and the reasons why 
they continue to hold such appeal.  Rather than focus on the contradictions that 
become apparent when focusing on the way that technologies have facilitated 
conservation in these two examples, I want to suggest that in comparing the case of 
the Kankakee Sands to the Sylvania Wilderness, we see an example of how our 
interactions of the environment are always already mediated by technology.  The 
natural-but-constructed landscapes of the Kankakee sands worksite and the secluded, 
deliberately fenced off old growth forest of Sylvania do not fit into a tidy 
compartmentalization of natural and unnatural.  Neither wilderness nor civilization, 
they instead represent something of a third space.   
In The Machine in the Garden, Marx wrote that America has a contradictory 
relationship with nature that is most clearly articulated through American pastoralism.  
In this framework, there is an inherent tension between the American embrace of both 
industry and commercialism and nature and rural values, and this tension exists 
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without recognition of the destructiveness of industry on the environment.  Marx 
(2000 [1964]) elaborates, differentiating between sentimental pastoralism, in which 
the incongruity is overlooked entirely, and complex pastoralism, which recognizes 
that industrial society cannot exist outside of an intimate and destructive relationship 
with nature.  A middle landscape, a garden, is the traditional pastoral ideal, where 
technology is used in harmony with nature. Marx had pessimistic views on the garden 
as a pastoral idea, saying that ultimately, it was doomed to failure, but the idea of a 
third space remains relevant (Cannavò 2001).  Landscapes of intervention-intensive 
conservation represent a third space, but instead of being a third space of nineteenth-
century pastoral ideals, they represent a new kind of middle ground between nature 
and industry.  The technological mediations that make reconstructed nature possible 
are seen as inevitable intrusions – the machines in the garden, as it were – as 
restoration ecology and much of conservation would not otherwise be possible.  
However, this does not make them examples of complex pastoralism. Rather, they are 
often framed as a means to circumvent some of the pitfalls of industrialism.  
These myths are persistent.  The privileging of the pre-contact historic 
baseline has been a foundational tenet in restoration ecology.  The concept can be 
traced back to Clements’ idea that the pre-settlement vegetation was in a stable state 
of equilibrium until the arrival of Europeans and their subsequent disturbance 
(Clements 1936, Delcourt and Delcourt 2004).  Yet, as Clements’ ideas came to be 
challenged and ultimately largely dismissed in the second half of the twentieth 
century (Barbour 1995), the idea that the pre-settlement landscape was stable has 
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managed to persist.  Restoration ecology and conservation projects often aim to 
restore land to the state that it was in just before Euro-American settlers established 
their own land clearance, agriculture and wildfire regimes (Jackson and Hobbs 2009). 
The singular pre-contact historic baseline continues to be privileged as the 
foundation for restoration ecology and conservation projects, which often aim to 
restore land to the state that it was in just before Euro-American settlers established 
their own land clearance, agriculture and wildfire regimes (Jackson and Hobbs 2009).  
The historic baseline is understood through a variety of methods, including through 
reference to the Public Land Survey34 and through paleoecology. However, material 
traces of past landscapes fail to capture the dynamism of landscape change over time.  
The Public Land Survey is a remarkable tool; it offers a tremendous amount of 
information about the transformation of the prairie during a period of rapid change as 
the continent was colonized by Euro-American settlers, but it does not reveal a 
singular truth about a timeless equilibrium state of nature.  With paleoecological data, 
methodological uncertainties and fundamental indeterminacies about the historic state 
abound, and the data reveal patterns of change over time, rather than constants.  
Between the rebound effects following the retreat of the glaciers, which lasted until as 
recently as 500 years ago (Williams 2002), the extinction of megafauna (Gill 2014), 
and the significant impacts of indigenous Americans, there is no single state of the 
environment that can be said to be representative of the Holocene period prior to 
Euro-American settlement.  If the only constant in the history of the landscape is that 
                                                
34 Discussed in detail in Chapter 2.  
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it has been constantly dynamic, then any baseline state must be arbitrary, and yet, a 
pre-modern state is almost always selected35.  A straightforward intervention from 
Science and Technology studies is desperately needed – that is, restoration ecology, 
like all scientific knowledge, does not offer insight into an objective “natural state” of 
the world, but rather, it is a product of a specific set of knowledge practices that 
emerge out of a particular moment and place and thus includes ideological 
assumptions specific to that context.  In the case of restoration ecology, one such 
assumption is that Euro-American land use practices fundamentally differ to those of 
indigenous people.  It treats the land use of settlers as, by definition, dysfunctional 
and unnatural, and prescribes interventions that can restore usually little more than 
the appearance of the “natural” state.  Restoration of the environment to a pre-modern 
state is desirable because of the allure of the myth of primordial wilderness36. 
                                                
35 This is true, in some cases, in Europe as well. The European re-wilding movement 
was inspired by the work of Frans Vera, who advocates a restoration of historic 
functions to the landscape.  Vera argues that European environmentalism has been 
too heavily influenced by shifting baseline syndrome, a phenomenon where the 
environment changes subtly over time, so that each generation defines nature 
according to their own experience and remains unaware that it is experiencing 
degradation (Pauly 1995). For Vera (2009), shifting baseline syndrome is both a 
cause of why people believe the cultural landscape of the closed canopy forest to be 
worth preserving, and an effect of it, driving a circular logic. In order to escape this 
circle, conservationists should look to a period when human disturbance on the 
landscape was minimal, and the landscape existed in a relatively stable state (Vera 
2009), a time he places in the early Holocene. This choice of time period still has the 
effect of labeling some ways of living on the landscape “natural” and others 
“unnatural”, as denotes the time period in which agriculture spread across the 
continent.  
36 This re-created primordial nature is not seen as authentic, but rather, in much the 
way that the paleo diet is seen as a conciliatory step towards bringing our modern 
diets in line with how ancient humans (supposedly) ate, it is close enough, and seen to 
be far better than a landscape without intervention.  
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In this next section, I turn to one such example of a restoration project, and 
will show how these myths about pre-existing nature come to enter into scientific 
thought.  In conservation and restoration projects, land managers deliberately 
cultivate a particular form of nature that is one choice among many.  The 
conservation site thus becomes a site where multiple natures become visible, just as 
there are many pasts and futures present in the model.  
 
Farmed Prairie 
The Nature Conservancy site at Prairie Lake Indiana includes a large 
greenhouse on the edge of an empty field.  A narrow county road connected the site 
to the highway, which was bordered by drainage ditches, wood lots, and large, 
nondescript rectangular fields.  A narrow woodlot separates the greenhouse from the 
greying stumps of last season’s corn next door.  I’d first visited the site on a humid 
summer day.  In the shimmering light of late summer, it was easy to look out at the 
vast fields of green and imagine a rich assortment of grasses and flowers.  Instead the 
view is corn stalks, so many corn stalks, each a haunting reminder of grasslands past. 
“Tall grass prairie” my ecologist interlocutors like to joke, making reference to the 
biome that historically occupied this particular landscape.  Most of the area that we 
now think of as corn land was prairie in the not-too-distant past.  For all that we’ve 
done to modify Zea Mays into the towering stalks so ubiquitous across middle 
America, it is still a grass. 
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That was summer.  On this early March day the bright August sunshine felt 
like a distant memory.  The fields, previously verdant, were now a spectral watercolor 
of greys and browns.  The greenhouse was covered in a light dusting of snow, but the 
air inside was warm and humid; stepping inside felt a bit like time traveling to a 
different season.  The greenhouse was filled with long tables and each tabletop was 
covered with little plastic cups filled with soil arranged in trays of 20-30.  Small 
plastic flags identified species in cryptic shorthand.  A number of them had begun to 
sprout, their delicate baby leaves as eager for spring as the rest of us.  
In later visits I would be caring for the young plants, but today's activity was 
simply planting more seeds.  It was a task that would be familiar to any gardener. 
Start with a little plastic cup - no more than 3" diameter.  Fill with soil.  Moisten.  
Make an indentation with a pinkie finger.  Place two to three seeds in the indentation, 
trying carefully to wiggle them into the cups without accidentally launching them 
across the room.  Some seeds were more cooperative than others.  Some were very 
difficult to see and maneuver, others were fuzzy and elongated, and others were large 
enough to easily handle individually.  Lightly cover the seeds with soil. Place in a 
tray with others of its species.  Make sure the identifying tag matches.  Repeat.  The 
volunteers made small talk with one another as we worked.  One woman regularly 
attended and I got to know her and her sons over the course of a few months.  She 
was highly educated in biology, but when her husband took a tenure-track job at a 
tiny college in rural Indiana, she decided that her talents would best be put to use 
homeschooling her boys.  "You just don't know what they're going to teach them in 
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the public schools out here" she told me, assuming, I believe, that as a Prius-driving 
Californian I would share in her liberal sensibilities.  She brought them to the 
workdays as a field trip of sorts, an opportunity to learn about biology in a hands-on 
way.  They seemed only mildly interested in the plants and the greenhouse, but at the 
same time they were impressively knowledgeable about the different species.  
While some of the seeds had come from commercial seed vendors, selected 
out of glossy seed catalogs. Instead of honeydew and jalapeños, this catalog offered 
coneflower and spiderwort on offer.  It included helpful information about what kind 
of prairie would be appropriate for your property, so that you could select plants that 
would be the most appropriate for your yard and the animals that come to visit.  Other 
seeds were harvested on site. The field next to the greenhouse contained a large 
center pivot irrigator, like almost every other field in the area. (This is the machinery 
responsible for the large circular patterns in crops that one can see when flying over 
the Midwest.) The field also had tile drainage, which is a system of permeable pipes 
that move water out of the root zone of plants and divert it through culverts into 
ditches at the perimeter of the agricultural field.  A complicated-looking mechanism 
with levers and a wheel-shaped handle stood out from several of the culverts along 
the edge of the field.  These mechanisms allowed the field manager to turn drainage 
on or off for each section of the field.  Such mechanisms were a common sight in the 
area, virtually all of the neighboring farms had them. In this part of the state farmers 
face a Sisyphean task of removing excess water from their fields.  A century ago the 
place we were standing would have been under 10 feet of water, but that was before 
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the lake was drained and the river was straightened and every field had a culvert. 
Back then the area we were standing on was Beaver Lake, one of the deepest parts of 
the Grand Kankakee Marsh.  Despite all of the engineering efforts aimed at keeping 
water at bay, the water always seemed to be sneaking back in, appearing sometimes 
as mucky puddles of standing water in the middle of a field or woodlot, or in the 
perennially damp ditches that paralleled every road.  Drainage infrastructure, such as 
this, are a significant anthropogenic intrusion into the landscape, and one that has far-
reaching ecological consequences.  Tile drainage reduces habitat for wetland species 
and negatively impacts stream quality, and ultimately is a significant contributor to 
the Gulf hypoxic zone.  
That seemingly empty field, upon closer inspection, revealed rows of plants 
about six feet wide and very long, about the length of a football field.  They were 
clustered by species and I recognized several of the names from the plants we'd been 
working with in the greenhouse.  Carex, Echinacea, Coreopsis.  The Nature 
Conservancy had owned the field for over twenty years.  They had drilled the well 
and installed the irrigation and tile drainage system – a tremendous investment in 
infrastructure, but one that allows the land manager to precisely control the amount of 
water in the field so as to emulate the wide range of historic conditions that could 
have found at this site: wet prairie, xeric prairie, oak scrubland.  
Once or twice a year, depending on what species they had planted and the 
growing conditions, they would use a combine tractor to drive through the field and 
mechanically harvest the seeds for native prairie plants – exactly the same process 
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used by neighboring farmers to harvest corn.  After sorting and storage for a season or 
two, many of those seeds would then be planted using a tractor-pulled planter, again, 
the same process used by neighboring farmers.  The mechanized system isn’t perfect.  
The seeds still need some hand processing, much of which was done by volunteer 
labor, but it is still much, much faster than hand collection.  Those seeds are stored 
over winter to be planted in the following year's batch of seedlings in the greenhouse.  
The purpose of the greenhouse plants was to be able to help the restoration of the 
prairie at the site.  Much of the site had been used for agriculture prior to being 
obtained by The Nature Conservancy.  As agricultural land a lot of it had been in 
monoculture, most likely corn.  Once the corn is no longer being planted, the first 
plants that would start to fill in the former fields are weedy things that were living at 
the margins of the fields all along.  Opportunists.  Invasives.  Either way the land 
managers considered them undesirable. 
The categories “undesirable” “non-native” and “invasive” are slippery ones.  
To a large degree, the scales of time and space involved determine the categorization.  
Traditionally in ecology, invasive species are non-native species that have spread 
widely and can reproduce rapidly without human assistance.  This is a perspective 
that is challenged when ecology is expanded to incorporate greater lengths of time.  
At greater timescales, invasions are linked not only to human action, but also a range 
of environmental and climate changes (Jackson 1997).  From this perspective, species 
that are out of place are anachronisms – out of step with their temporal surroundings.   
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Disturbed spaces are particularly attractive locations for invasive species to 
establish themselves, so post-agricultural fields, like those at the Kankakee Sands site 
are especially prone to invasion by highly competitive species (Simberloff 2013).  
Keeping the field from going “empty” – that is, making sure there are plenty of 
desirable species living in it at all times, is the easiest way to thwart the arrival of 
weedy, undesirable plants.  The role of the greenhouse in the prairie restoration is 
thus to provide a continuous stock of young prairie plants so that land mangers can 
plant them in fields.  The greenhouse plants get a head start on the season’s growth 
because they germinate in the greenhouse, so once they are transferred out to the 
former agricultural fields, they are more readily able to propagate themselves and 
outcompete the undesirable species.  
When the undesirable species sneak in, as they inevitably do, they are forcibly 
removed through the use of clippers, loppers, saws and herbicide.  Tons of herbicide.  
The Nature Conservancy spends a tremendous amount of money - $50,000 at the 
Kankakee site alone (Hare 2014)- on herbicide used to try to curb the spread of 
invasive species.  Both staff members and volunteers work tirelessly to try to halt the 
spread of the undesirable plants, going across the site and removing them through 
physical means (cutting, primarily) or the application of herbicide, or both.  When all 
else fails, the last resort is to lease out sections of land to farmers and allow it to be 
used for agriculture again.  After a few seasons of conventional monoculture, most of 
the undesirable species are no longer viable, due to the heavy applications of 
herbicides and the repeated tilling and plowing of the soil.  The fields can then be 
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returned to conserved status and the Nature Conservancy will try once again to 
establish desirable prairie species in the field.  There is more than a bit of irony in this 
practice – usually disturbed spaces are the areas of highest concern for land mangers 
trying to thwart invasive species.  Desperate times call for desperate measures, 
however, and in cases of particularly difficult invasions, it eventually becomes easier 
to try to start with the blank slate of a recently tilled and heavily sprayed field. 
All of these intensive efforts to restore prairie at the Kankakee Sands site are 
justified through references to the antecedent state of the landscape, but to what 
antecedent state, exactly?  Land managers, such as the ones at the Prairie Lake site, 
work tirelessly to restore the landscape to conditions that approximate those of the 
early nineteenth century.  The Nature Conservancy is working to try to restore the 
landscape to something that more closely approximates what was there before Euro-
American settlement in the nineteenth century – minus the lake and the enormous 
marsh.  That time period is used, somewhat uncritically, as the appropriate target for 
many restoration projects, not only at the Kankakee Sands and other Nature 
Conservancy sites.  The restored state often requires tremendous technological inputs 
(both mechanical and chemical) as well as constant, ongoing efforts to stave off 
encroaching undesirable species.  At Prairie Lake, it required hundreds of gallons of 
herbicide, a combine harvester, a pivot irrigator, tile drainage, and hundreds of hours 
of manpower to burn, plant, harvest, weed, and otherwise tend to the natural 
landscape.  These interventions are justified in large part because they are restoring 
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the proper order of things that had been disrupted by the intrusion of human influence 
in the form of agriculture and industrialization.  
Intensive restoration practices create a land that must be actively maintained 
as a garden, in order to appear to be in its natural state.  This could be seen as a 
radical break from conceptualizing restoration as bringing back a pristine state; as an 
explicit acknowledgement of the mediating role that technology plays in our lives – 
including, and perhaps especially – mediating our experiences with nature.  The 
conservation site thus becomes a site where multiple natures become visible.  Land 
managers are deliberately cultivating a particular form of nature that is one choice 
among many.  When they are making decisions about what constitutes desirable and 
undesirable species, there are perhaps many more choices than it would seem. 
In my fieldwork in Northwest Indiana, I encountered many different groups of 
actors making very different claims about what the landscape is, what it was, what it 
could be.  Given this range of perspectives, might we be able to question our reliance 
on the notion of deterministic linearity?  Theories that help us make sense of the 
world emerge from particular places at particular moments in history.  Industrial-era 
Northwest Indiana helped generate the successional, linear framings of ecology and 
history that have dominated so much twentieth-century thought.  However, the region 
also offers already-existing alternatives.  For example, in the mid-century period, the 
Chicago School of Sociology was directly engaged in productive dialogues with local 
ecological theorists, which focused on symbiosis and mutuality in ecological and 
sociological worlds.  Another example comes from my own fieldwork with PalEON.  
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One of the significant shortcomings of the process-based model that PalEON 
is working with is its assumption of linearity in ecological systems.  The conditional 
statement “if this then that” is the basis for many computing processes, and thus, 
many computational models.  In essence, if there is a particular input, then there is a 
particular output.  It is tidy, and for a startling number of scenarios, it works. It can 
even work well for surprisingly complex systems, as long as there is a logical and 
linear progression that takes place.  For example, if a field burns, then grasses will 
grow, then larger, shrubbier plants, then trees – the order is roughly based on the 
lifespans and growth rates of these organisms.  The real world, with all the vast array 
of rich and widely complex interacting systems, is rarely this easily predictable.  
Rather, we tend to have scenarios that look more like “if this, then that or that or that” 
OR, “if this or this or this, then that”, not to mention any other combination of the 
two.  
Because of a series of necessary simplifications, the model is unable to 
adequately predict what are known as alternative stable states.  Alternative stable 
state theory posits that ecosystems typically will stay more or less the same for 
relatively long periods of time, and that when faced with change (let’s say climate 
change) they will continue to remain consistent until they reach a threshold, at which 
point they suddenly change to a different state that will then remain fairly consistent 
over time, even when faced with additional changes (so long as those changes do not 
cross another threshold point).  It is exceedingly difficult to model this, because for 
most points “if this’s” there are multiple “then that’s” – in both directions.  This came 
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to be especially problematic for PalEON, because one of the researchers involved 
found evidence to suggest that the two dominant non-anthropogenic biomes of the 
Midwest – savannas and forests – are alternative stable states.  So when trying to 
forecast the future, changes in climate (such as temperature or precipitation) would 
not be nearly as important as what is currently there, because what is currently there 
will likely persist until a threshold is crossed.  The hysteresis means that you could 
have two different scenarios in the same climate space, and you’d stay in the one 
you’re in because of the feedback loops (that are currently not modelable).  To offer 
an example from the Midwest, a savanna will persist even with increased 
precipitation, because there will be an accumulation of grasses that are readily 
combustible, and when they burn it will suppress the growth of small trees, keeping 
the land open for more grass to grow, perpetuating the cycle of savanna.  Likewise, 
forest cover will suppress grassy growth, even in reduced precipitation conditions.  
The lack of grass means that the forest is less likely to burn, which promotes closed-
canopy forest over time.  
This is an already-existing example of an alternative to deterministic linearity 
in dominant ecological theory.  This small example opens up possibilities for thinking 
about what could or should be present on the landscape in a way that can get beyond 
“if this then that” to consider what the “this” and “that” may be.  For those who are 
involved in prairie restoration, such as at Prairie Lake, this provides additional 
information about the baseline state that is the restoration goal.  It is currently 
assumed that prairie landscapes existed where there wasn’t quite enough moisture for 
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trees.  But PalEON’s findings could show there was enough rain for either trees or 
not trees depending on the particular feedback loops that happened to be in place in a 
given location.  Said differently, there are two ecosystems available to this landscape, 
one there materially and one there potentially.    
 For a different example, we may return to the hemlock forest of Michigan.  
Hemlock forests, more than many other ecosystems, are deeply entrenched in a 
feedback loop system.  Hemlock canopies are incredibly dense; they can block up to 
99% of sunlight from reaching the forest floor.  Hemlock needles are acidic, and they 
tend to accumulate on the cool, damp forest floor.  The low-light and acidic soil 
conditions of the hemlock forest floors are decent growing conditions for baby 
hemlocks, but few other trees can tolerate the conditions.  The result is a strong 
feedback cycle, where the initial establishment requires precisely the right set of 
conditions, but once Hemlock establishes itself, it tends to persist.  It is so persistent, 
that it can endure even after the climate of the region shifts to sub-optimal conditions 
for the hemlock, which was the case at the old-growth forest we visited in Michigan.  
Unfortunately, hemlock seems to rapidly be approaching the threshold cutoff, at 
which point a different set of species will take over.  This is an unequivocal loss, as 
there isn’t necessarily new potential habitat opening up.  In the case of the Hemlock, 
it may be end of the road.  When a species is completely losing it’s potential habitat, 
the question of alternative states becomes much more dire.  One alternative truly isn’t 
just as good as the other if you are a hemlock, or a hemlock trout, or Steve a lover of 
hemlocks. 
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Feedback loops in ecological systems are consequential.  Feedback loops 
within the process of knowledge production, too, are consequential.  The assumption 
of linearity of ecological systems, dating back to Cowles’ sequentialism on the 
Dunes, tracing through the influence on Clements, and through today, where 
deterministic linearity continues to inform ecological models despite the fact that we 
have alternative theories that more accurately describe empirical evidence.  The 
determinism within the models that assumes that ecological processes unfold toward 
a singular ideal state has consequences for lived, on-the-ground land management.  
Those decisions have far-reaching consequences of their own, and, when they require 
energy and resource intensive interventions in the name of landscape restoration, 
result in actions that undermine the long-term stability of all ecological systems. 
After our walk through the hemlocks, over heaping plates of fresh-caught 
walleye, Steve and Jason confided in me that they had both seriously considered 
becoming historians, but the urgency of environmental crises compelled them to 
pursue ecology.  It occurred to me that the work they do is really not so unlike 
history.  History is written.  Historians must be attentive to historiographic concerns 
in order to intervene in the way the world is understood.  As high-tech natural 
historians, these ecologists are producing a history of a different sort, one that they 
hope can traverse the boundaries into technocratic governance and be “taken 
seriously” for policy proscriptions, and in land management decisions such as at 
Prairie Lake.  Using primary sources from the material world as well as the archives, 
they establish long-dureé natural histories that forecast forward, because, as the 
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saying goes, history repeats itself.  In the future tense, the conditional statement “if 
this, then that” becomes subjunctive.  The subjunctive describes uncertainties, but it 
also describes hypotheticals, wishes, and hopes.  Is it not so far-fetched then to 
consider the process of modeling as a process of intervening, of writing subjunctive 
futures. Currently, many of those “if this’s” are stagnated in worldviews and 
assumptions that were contributing factors to the Anthropocene crisis in the first 
instance.  As I have described, there are, however, already-existing alternatives.  
My description of the process of making these histories reveals to us the ways 
in which these landscape histories are multiple.  We can see that there are 
opportunities for modeling done differently in ways that can highlight those 
multiplicities. “If this, then that” can be open to theories of dynamic ecosystems that 
are not rooted in assumptions of determinism and linear progress narratives.  Those 
models might help imagine land management practices that aren’t about “bringing 
back” a singular long-gone landscape, but instead might welcome a reconfiguration of 
one of the many multiple “could have beens”.  It could be a reconfiguration of 
memories that is less dependent on resource and carbon-intensive restoration 
practices that are ultimately undermining long-term stability.  A reconfiguration of 
practices less rooted in progress narratives and market economics.  Nostalgia for a 
singular past landscape in Northwest Indiana is inextricably linked to the economic 
prosperity that caused its destruction.  Rather than thinking of the economic and 
ecological crises as distinct phenomena, I argue that the Anthropocene moment asks 
of us to reconsider how our ontological and epistemic assumptions perpetuate unjust 
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ways of being in the world, while also offering the hope that small changes in our 
conceptual frameworks can have tremendous consequences for reimagining the 
future.  What if, instead of trying to restore a singular ideal state, conservation in this 
region took seriously the idea of indeterminacy and multiplicity, of already-existing 
alternatives to the economic and ecological status quo?  If this could happen, then 
what? 
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Conclusion: 
SCIENCE AND JUSTICE IN THE ANTHROPOCENE ERA 
  
In the chapters that proceed this one, I have made the case that a particular 
form of scientific knowledge production – the development of ecological forecasting 
models – is highly contextually dependent, emerging out of a specific moment, in a 
specific place, informed by very particular landscapes and understandings of history.  
In this way, models are not so unlike ethnographies, which are themselves highly 
specific products of a time and place (Edwards 2010).  
In this dissertation I have traced the development of a specific ecological 
forecasting model, the PalEON model, and its downscaled version, the Grand 
Kankakee Marsh assessment tool, both of which emerged out of Northwest Indiana.  
This region stretches across the southern edge of Lake Michigan and south into the 
Kankakee River basin.  Chicago rose to prominence in the frenetic rush of nineteenth 
century manifest destiny.  Built out of the mucky wetlands of Lake Michigan, it 
became a point of consolidation for resources extracted not just from the surrounding 
areas, but all across America’s “great west”; a pinnacle of American modernity and 
progress.  In the late nineteenth and early twentieth centuries, the region was one of 
the most productive industrial centers in the world, but the area underwent dramatic 
economic changes in the early 1980s, when the United State’s steel industry went into 
rapid decline.  Driving through the streets of Gary, once a bustling middle class city, 
one sees abandoned warehouses, empty factories, and vast brownfields where active 
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industry once stood.  That the greater Southeast Chicago region, formerly so rich and 
vibrant, is now seen as a wasteland tells us something of the ways in which capital 
transforms landscapes.  The discarded by-products of the tremendous wealth 
generated in the long twentieth century remain on the landscape in many forms.  
Historian Bill Cronon has suggested that early twentieth century Chicago was 
seen as “an exemplar of the urban-as-removed-from-nature”, but the separation of 
urban and rural is a carefully constructed illusion.  Like anywhere else, Chicago is 
and was deeply and richly connected with its hinterlands.  As the environment of the 
greater Chicago region provided the natural resources necessary for the economic 
transformation of the turn-of-the-century industrial revolution, the rapidly changing 
environment caught the attention of researchers at the University of Chicago, 
resulting in scientific ideas that would forever change the environmental sciences and 
conservation practices worldwide. 
Landscape restoration is predicated on deterministic linearity that emerges 
from theories of ecological succession.  One of the earliest American ecologists, 
Henry Chandler Cowles, developed his theory of successional ecology37 in the 
Indiana Dunes – just a few miles north of Prairie Sands conservation site.  This space-
for-time substitution came to be instrumental in American ecological theory, as did 
the notion of ecological succession, which was carried forward by Cowles’ students, 
and also through the better-known work of Frederic Clements.  Clements developed 
his theories of ecological succession in the American Midwest not long after Cowles.  
                                                
37 Which I discuss in more depth in Chapter 3.  
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For Clements, there was a single ideal state of vegetation for any given location, 
based primarily on climate and secondarily on soil conditions and terrain.  This ideal 
state was called the “climax state”, and this theory formed the basis for most 
ecological thought in the early twentieth century.  In theory, ecologists and 
environmentalists have moved beyond Cowles’ and Clements’s theories of 
succession, however, in practice, there is often a firmly held, if only tacitly 
acknowledged, assumption that there is a single ideal ecosystem type for any given 
place, and that that singular ecosystem type is what would exist if there were no 
human intervention.  Cowles’s ecological theories are one of the reasons why the 
historic baseline is used to inform contemporary land management practices.  It is one 
reason why the Nature Conservancy has gone to such great lengths to restore prairie 
at the Prairie Lake site.  It is assumed that the future will continue to unfold in a 
deterministic manner, based on the progression seen in the past.  
Donald Worster has long argued that metaphors used in ecology reveal 
underlying political and philosophical ideologies, and that ecological theories track 
the social contexts of their production.  Major shifts in early ecological theory tracked 
broader social changes in the early twentieth century, but the idea that ecosystems act 
in predictable, somewhat deterministic ways has held.  Since the 1980s, policies that 
promote agonistic individualism have proliferated: reduced regulatory frameworks, 
expansion of private property rights, and the promotion of free trade, to name a few.  
It is therefore not surprising that this same time period has given rise to a suite of 
ecological ideas that emphasize dynamism, resilience, and the freedom of individual 
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species to move across the landscape, unfettered by social connections.  This same 
time period has seen a shift in conservation to incorporate market-based approaches.  
This has included, among other things, increasing numbers of public-private 
cooperative efforts, an emphasis on the economic value of the natural world as seen 
through ecosystem services, and pollution trading schemes, such as carbon offsets or 
the United Nations REDD (Reducing Emissions from Deforestation and Forest 
Degradation) program.  The science behind the so-called “new conservation”  
suggests that our current and previous forms of conservation are not going to be 
sufficient to handle the novel challenges of climate change.  At the same time, these 
alternative frameworks for conservation depend on certain assumptions about the 
world that allow for the continuation of the same environmental and social practices 
that have caused these crises in the first instance.  This new iteration of the American 
pastoral tradition has embedded a number of assumptions about the world that stem 
from contemporary capitalist economic theory, such as the potential for resilience to 
exist within a patch without the possibility of structural change.  Practitioners of 
conservation that are cultivating these third spaces are reproducing embedded 
assumptions about an economy of nature that are neither inevitable nor rooted in an 
objective reality about the world, but have emerged through specific and located 
cultural and scientific practices.  Detractors fear that the “new conservation” science 
may give rise to a certain set of controversial policy prescriptions, namely that 
environmental destruction does not need to be avoided because reparations could be 
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done after the desirable resources have been extracted.  This has caused many 
environmentalists to be skeptical of any revisions to conservation science. 
However, there is reason to believe that the ecological theories that support 
these, what detractors often call “neoliberal”, forms of conservation do so because 
those political and economic ideologies have become so pervasive in our lives that 
they have tacitly infiltrated ecological theory, informing the ontological and 
epistemological basis of environmental thought.  That scientific knowledge is shaped 
by the context of its production is a basic point of science and technology studies, but 
when brought to bear on the topic of contemporary ecological and conservation 
theory, it makes an important point, that is: true alternatives to existing conservation 
practices will require ecological theories that have fundamentally different epistemic 
and ontological assumptions.  
In his later writings, Marx began to reconsider his pessimism towards 
American pastoralism, and suggested that it may be saved if it could be 
conceptualized as a diversity of landscapes that constitute a larger whole (Cannavò 
2001).  This would be a new kind of middle ground, a multitude of middles rather 
than one ideal, though he did not proscribe what these new middle landscapes could 
look like.  In what follows, I propose a way for thinking the landscape differently, in 
ways that take seriously the idea of indeterminacy, multiplicity, and already-existing 
alternatives to the ecological status quo. 
In both the Nature Conservancy land and the field trip with the scientists, 
people were heavily invested in their own aesthetic sense of nature.  The natural 
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world was imagined as a wilderness landscape, separate from human intervention.  In 
one case, the group went to great lengths to travel to a remote section of forest that 
had been intentionally protected from most forms of anthropogenic change for over a 
century, itself a not-insignificant intervention in a quickly changing world.  In the 
other case, the natural state of the landscape is produced through intensive 
management: planning, planting, pruning, killing.  In both there is recognition of the 
mediating role that technology plays in human interactions with the environment, 
whether that technology take the form of a fence or a combine.  Either way, the 
technological mediation is justified by the way it upholds an aesthetic of a human-
free landscape.  
The problem may lie in the way that a sense of primordialism is entrenched in 
our myths about the natural world obscures our ability to assess who may benefit 
from the land.  Much has been written about the impacts of conservation on 
indigenous people elsewhere in the world, such as how conservation has displaced 
people from traditional hunting grounds (Adams and Hutton 2007, Brockington et al. 
2006).  The North American Graves Protection and Repatriation Act (NAGPRA) 
offers one example of how claims on property can be deeply problematic for 
indigenous rights (Watkins 2004).  Others have written about the trouble of 
corporate-conservation partnerships, which can mask capitalist strategies in land use 
behind the illusion of conservation management (Brockington and Duffy 2010, 
Büscher et al. 2012).  There are similar critiques of the ecosystem goods and services 
framework for conservation (Redford and Adams 2009).  Scientific use of land is one 
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of the few that seems to get a free pass, falling into a category of unquestioned good, 
though controversies surrounding the development of a national ecological 
surveillance system offer a counterpoint to this claim. 
These concerns are some of the ones that have been subject to the most 
debate, but there are innumerable other examples of the difficulty of land use policy.  
It is pretty widely accepted within environmental communities that farming, logging, 
and other extractive and manufacturing landscapes are “bad for” the land.  However, 
broad regulations against industrial or agricultural development may impede the kinds 
of development that might improve the quality of life of local residents.  In the 
Kankakee area, for example, regulations that could help to restore the wet prairie 
landscape of the 19th century would also restore conditions that made farming 
impossible and land travel across the region treacherous.  Local residents are 
concerned that efforts to restore the land around them to a pre-settlement state will 
cause rising waters to inundate their land, rendering it inappropriate for agriculture 
and thus threatening their livelihoods.  It is a concern that doesn’t seem too farfetched 
in a region still struggling with the rapid decline of the U.S. steel industry.  
The prairie ecosystem that land managers at the Kankakee Sands are working 
to restore is a biologically diverse community.  Many of the species have been 
seriously threatened by the spread of agriculture, industry, and suburban 
developments.  If one’s primary concern is the protection of biodiversity, then wet 
prairie in the American Midwest is a reasonable target.  Restoration to a historic 
baseline is always challenging, and the intensive restoration efforts at Kankakee 
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Sands attest to that.  However the Kankakee Sands restoration faces an additional 
challenge.  Namely, the marsh that once dominated the hydrology and ecology of the 
region is gone, making the historic baseline target of the Kankakee Sands 
anachronistic.  Rather than restore back to a moment in time at that place, restorations 
there take the form of a restoration to a different time and a different place.  An 
earlier time, and one before the area was drained, and yet, a drier place, one that was 
dry prairie without drainage interventions.  At what point does the place and time 
become a different place and time entirely?  
Restoration to a natural state or historic baseline also limits the possibilities 
for climate change adaptation.  Climate change is already and will continue to 
become an ever more important factor in conservation (see Hannah et al. 2002), with 
many species facing a risk of extinction by mid-21st century Thomas et al. 2004,).  As 
a result, scholars and conservation practitioners are considering and debating the 
merits of assisted migration, or the managed relocation of species from their current 
locations to locations that are forecast to have the appropriate climatic conditions for 
the species in the future (Hunter et al. 2007, McLachlan et al. 2007, Ricciardi and 
Simberloff 2009).  Advocates argue that the goal of restoration to a historic baseline 
will become increasingly difficult, if not impossible to achieve (Camacho 2010), 
while detractors are concerned about the unpredictable consequences of such 
interventions (Ricciardi and Simberloff 2009).  While the impacts of past biotic 
invasions should not be forgotten or underestimated (see Mack et al. 1999), species’ 
ranges will inevitably change as a consequence of climate change, whether they are 
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assisted by humans or not.  The foundational norm that “the natural” is directly and 
inextricably linked with “the past” or “the historic” is one that will need to change 
alongside the climate, or else we risk a future with nothing natural at all. 
Ultimately, it is the feedback cycle of knowledge production that I am 
intervening in.  I am arguing that it must be disrupted, that there is a moral and ethical 
imperative to build conceptual models – ways of thinking about and interacting with 
the world – that are not based on determinism that is rooted in twentieth-century 
myths about progress narratives and virgin wilderness, but that instead account for the 
dynamism and fragility of complex earth systems.  These conceptual models would 
be able to consider, for example, the spaces where a prairie exists currently, but a 
forest exists potentially, and neither would be given preference because of its 
presence in the antecedent landscape.  At the same time, they would also need to 
consider that not all potential landscapes are equal, and that the flourishing of some 
species entails the killing of others (Haraway 2007).  I frame this as a matter of 
justice for humans and non-humans. 
 The collaborative relationship that I had with members of the PalEON 
modeling team has allow for engaging and mutually productive conversations.  For 
example, in the preceding chapter I described how the PEF model is unable to predict 
alternative steady states, and that this is particularly problematic for the PEF model 
because the two dominant non-anthropogenic biomes of the American Midwest 
(savannas and forests) are alternative stable states.  In short, this means that a savanna 
ecosystem (for example) will typically stay more or less the same for relatively long 
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periods of time, but when faced with change (let’s say climate change) it might 
suddenly convert to a different state (e.g. forest) that will remain fairly consistent 
over time, even when faced with additional changes.  As I explain in chapter 4, even 
though it is difficult to model this, modeling it is crucial for the model to work 
properly, and it is an example of how the team’s findings can be consequential for 
conservation practice in the region, and perhaps ecological theory more broadly.  
 The evidence for bimodality, or alternative stable states, was introduced in a 
presentation at one of the annual meetings that bring together all of the people 
involved in the modeling project.  The focus of the presentation was entirely on what 
this meant for the model.  How could they adapt the model to more accurately address 
the new information that the region’s prairies and forests were in fact a bimodal 
representation of the “natural” state of the landscape?  Another question was why the 
model couldn’t handle these bimodal systems.  The model should be able to 
incorporate the mechanisms of vegetation feedbacks in a way that would produce this 
kind of relationship, but for some reason that was failing.  During the lunch break, I 
talked to some of the people who had been working most closely on the bimodality 
question.  I suggested that, to me, one of the most consequential aspects of the 
proposed theory of alternative stable states on the landscape was that it undermined 
the notion of a singular historic baseline that so much conservation work in the 
United States depended on, especially in the Midwestern region that the model 
focused on.  This made the finding both much more exciting, because it has such 
potential to upset some well-established ideas, but for that same reason, it perhaps 
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requires a greater burden of evidence.  The graduate student who was presenting these 
findings had not considered this possibility.  Instead, she was largely focused on the 
consequences that this had for the model.  This finding suggests fundamental flaws in 
the physical processes that were programmed in, and working to fix those so that they 
could more accurately model the bimodality of the prairies in North America was 
going to require a tremendous amount of work.  
Models take many forms in our lives. Models make complex systems 
comprehensible by offering an alternative perspective of the phenomenon. Take 
model trains, for example, which turn massive infrastructural systems into children's 
toys.  With a number of different scales, a variety of connector options, and the 
challenges of powering miniature machines, model train enthusiasts are well aware 
that to model is not necessarily to simplify.  Models offer a means for emphasizing 
some aspects of a system, while de-emphasizing others.  In the case of model trains, 
the intricacy of the machinery itself is highlighted when the mundane and pragmatic 
aspects of railroad-as-transportation-infrastructure are removed.  
Modeling ecosystems allows researchers to focus on ecological processes by 
removing unpredictable events from the model system.  Models are tightly 
constrained, and even when they may include stochasticity (randomness), the 
consequences of the randomness have been programmed.  For example, the model 
may randomly kill off a number of mature trees in the forest over a given time period 
to mimic the effect of lightning strike or tornado events.  The model does not have the 
capacity to anticipate unprecedented changes, whether they be the result of a natural 
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disaster or an unanticipated change in land use policy.  By eliminating these sources 
of uncertainty, the model is able to estimate the condition of future landscapes based 
on the assumption that the future will continue to unfold according to the same 
processes that have taken place in the past.  Underlying this assumption is the 
expectation of continuity, as was described in the previous chapter.  There is also an 
assumption that there is a utility in attempting to forecast future ecosystems; that this 
is a helpful tool for policymakers or land managers.  However, as the case of the 
Kankakee River National Wildlife Refuge demonstrates, the model offered too little 
information far too late to be of use in establishing policy.  Even if the model was not 
able to be used for its intended purpose, the model does work in the world. 
The model codifies theories about how the ecological world operates. It 
incorporates conceptual models; that is, the theoretical assumptions that ecologists 
hold about how the world works, which includes both physical processes and 
underlying assumptions about continuity, with empirical evidence from the past and 
current landscape.  Once they become a part of the design of the model, they become 
black-boxed (c.f. Latour), where they then go unquestioned unless they fail, as in the 
case of the bimodality of prairie systems.  Tracing the process of the development of 
the PalEON PEF model allowed me to situate the model and to open up the black box 
to see some of what was being taken for granted in the black-boxing.  In so doing, I 
was able to show how the very specific context of ecological knowledge production 
has been influenced by and has helped to shape the environments of Northwest 
Indiana.  The plurality of environments is of critical importance, as the iterative 
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process of modeling the landscape makes visible the multiple and overlapping forms 
that the landscape takes as it is configured through phenomenological experiences, 
quantitative assessments, and processual descriptions.  These environments-made-
multiple transcend conventional spacio-temporal boundaries when they are flattened 
into the palimpsest of landscapes in an ecosystem model, and yet they remain 
committed to the contexts of their production.  
The context of the production of the model(s) is not inconsequential.  As I 
have argued, because the models tacitly incorporate capitalist ideologies into 
ecological theories, they inadvertently perpetuate concepts that are complicit in 
conservation practices that undermine long-term ecosystem stability.  I make the case 
for this argument in chapter 4, and with it, offer examples of work that already offers 
alternatives to this problematic framework.  Finally, in researching and writing this 
project, I have tried to be attentive to the context of my own knowledge production 
practices.  This project has been an attempt at applying the critiques of science and 
technology studies to a collaborative engagement with scientists; allowing all of us to 
think about how ecological modeling, conservation biology, and the anthropology of 
science might be done differently. 
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